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MENTALITY 

VITALITY 


Abstract of Presidents Neu 
Year's letter to General Alloys 
Employees, written after Jan- 
uary Alloy Progress had gone 
to press. 


fj 
LL my life I have burned candles at but three shrines, LOYALTY, MEN 
TALITY, VITALITY. 


night, on the eve of a New Year, three candles burn brightly at Genera! 
symbolic not of my idyllic concept of foundation and revelation 
spiration and reward, but of the very essence of this organization. 


LOYALTY, to those who depend upon us, and to those on whom we depend 


MI "NT AT 


\LITY, that we may plan wisely, devise ingeniously, judge fairly. 


VITALITY, that we may plow deeply, seed painstakingly, harvest in 
bundance. 


In short, we strive to be a straight shooting outfit, with BRAINS enough tc 
find the Target, and GUTS enough to pull the trigger. 


Pleasant environment stimulates genius, as does Lithia Wate 
eneral Alloys has been in the black since 1932, with vision undimmed properly alloyed 8-18 is a proven proportion.) The prominent 
mbition fortified by technical progress. We kept our organization intact 
carried on research, and technical development. 


important is that we did not pollute our own well. General Alloys 
inferior grades, and no General Alloys salesman prostituted his 
my to meet “Cheap” or panic competition. 


t that our products were standard equipment with 85% of all furnace 
before price competition made the furnace builder conscious that 
yuaranteed his furnace one year, and could get by with cheaper 


stands as FACT. 


sow that Operating Economy, not first cost, is again in vogue, users and 
mace Builders will expect improved alloy mechanisms, and get them, 
m the punks who nuzzled the P. oy thro. ugh the depression, but from 
1). } llayv 


a] organization who. having built more alloy mechanism 
petitors combined, should know something about it. 


ENCE is the best foundation for any program. General Alloys 

‘rogram for 1937 is: BETTER ALLOYS. VASTLY IMPROVED MECHANISM. 
ECHNICAL ADVANCEMENT that will rout “price” competition as the 
n of | rosperity melts the slush of depression 

ENERAL ALLOYS IS ON THE MARCH, re-dedicating our Loyalty, M 
ty and Vitality to those Ideals of Quality and Service which h 

ned the unquestioned Leadership of an Industry. 


MEL 


ORGAN O GENERA -OMPANY 
| 
a bolize Prosperity, in LIFE, t W we a i i thi 4 
= 
ertetenue An 8x10 print of Skyview above will be sent grati n request 
tc any member of A.S.M. whose Company operat : heat-treat a 


VERYBODY knows that the depression 
didn’t get the A.S.M. down. Pilot Bill 
Eisenman brought the old ship into port 
with a deckload of Government Bonds and 
a disgustingly rotund surplus, while we 
Steel Treaters generally were counting our 
marbles. One swallow may not make a 
summer, but it often makes a_ spender, 
thus the first swig of Prosperity has sent 
the team into action. Twenty-eight touch- 
downs were recorded in the last game of 
the 1936 season, scored in Hostelries, Clubs 
and Honkey-Tonks across the Nation. At 
ringsides everywhere were Q-Alloy Candid 
Cameramen, and shutters clicked as 1936 
took the count. If your picture is in this 
issue, write in for your Jigger-whack It’s 
waiting for you 


SURFACE COMBUSTION FURNACE 


Surface Combustion Engineers have made outstanding prog- 
ress in Annealing and Controlled Atmosphere Furnaces, obso- 
leting older types, offering economies that cannot be ignored 
by cost conscious operators, particularly when combined with 
marked quality improvement. 

Above is a continuous Pan Type Annealing Furnace used to 
anneal brass in sheets and coils, installed in 1936. The pans 
rest on X-ite rollers mounted on X-ite Rails. They are pulled 
through the furnace by an X-ite chain. All Alloy Mechanism 
by General Alloys Company, who have supplied alloy for 
hundreds of Surface Combustion Furnaces over a period ol 
10 years, exceeding guarantees at least 200°. 

No competitor has a remotely comparable alloy service record, 
either with Surface Combustion or any other furnace builder. 


OPERATING DATA: 


Fuel— Gas, 530 B.T.I 


Temperature of Furnace, 1200° F 


Average Rockwell Hardness, 70 


Total Time of Test, 2.833 hours 


Conveyor Speed, 1.61 feet per minute 


Total Net Work Annealed, 31.270 pounds 
Total Gross Work Annealed 8.770 pounds 
Total gas nsumption, 15,000 ecuble feet 


Net Work annealed per hour, 11.060 pounds 


Gross work annealed per hour. 13.710 pounds 

Gas consumption per hour 295 cuble feet 

(jas consumption per pound net, 0.479 cuble 
tee 


Gas consumption per pound gross, 0.386 
t feet 


Net thermal efficiency, 35.6% 


Gross thermal efficiency, 46 6% 


LT 


UR new SPIRALINKA conveyor furnar 
going great guns. Westinghouse, Sy 
dell and Surface Combustion have sold fy 
naces built around the Spiralink belt. Les 
ing Furnace Builders are keen for j 
alloy mechanisms, and General Alloys 
leading this field as never before 


ROSPERITY is back in a big way. « 
strong, in places, you can smell it, \ 
could smell it in Detroit in the G.O. Days 
but now it reeks. Those Motor Ve 
who Graduated from Gisholts to Grose 
Pointe in one grunt were just pikers 
the Hossless Buggy Days. Just Panty. 
Waists. You should see the New Cro, 
Rich! Big Money from Industry?? Thats 
old stuff;—now, the Real Money come 
from LABOR, and 1 don’t mean w-o-r-} 


OOL., Merger, Syndicate, Consolidation 
mere transitory media, just maggots ons 
milestone in the evolution of the perfect 


Formula for Power & Privilege That 
Formula is: EXPLOIT LABOR Its Mas 
ter: the self anointed would-be “Repre 


sentative’ of your Employees 


HE 1937 Model Labor’ Leader s 

sentimental Capitalist, mo  Pollyanne 
Socialist. Sired by Politics out of Pul 
he has the Mind of Caproni, the Mouth 
Politics, the Manners of Muenchausen 
the Morals of a Monkey. But despise ! 
not, for, if “Anything which is truly ! 
tional is truly beautiful,” the Labor Ska 
wins the poison ivy. The most efficient tay 
collector known, he makes the Sears- 
buck 10-cow Power Milker seem 4a 
request. 


| iy Religion is “Opium for the Masses 
Labor Racketeering is a “Mickey-! 
tor the Workers. How many In 6 
Parents, aspiring only to make pant 
molested in Menhetten,—have begotten Lal 
Lawyers, sluiced through the law sel 
enroute from the Ghetto to the Legiclatur 
I do not dare contemplate, but I car ie 
ine that the Capitalists who endowed 
law schools share their mort ficati 


ERSONALLY, I have only one arre 

with the Princes of Labor,—they're De 
Snobs! Now that these outcrappings 
Democracy are ensconced in Detroit to 
Collective Bludgeoning, you can’t walk 
the Book Casino without falling over Cha 
pagne buckets. No pikers, these birds, U 
ice the red wines too 


OUTHFUL ambitions seldon 
through, possibly because they h 
spiration and perspiration Rarely does * 


five vear old pick a hobby and rid 
twenty-two years. In my column last 


I ran pictures of a widely publicized strea® 
line automobile built by the kid 
B. F. H. Space did not permit ine! t 


. 
his first design and inspiration I ae 


sign,” a sketch of our 1914 chauf! be 
damned model Cadillac The “Insp e 
compliment in the handwriting olf 
Mheodore Roosevelt, endorsed thereon 


a visit at our Champaign home 


det 
- — j d 

- 
sn 
} 
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: nis “Book Casino,” by the way, gripes 
nad First; because it replaced 


# Venetian” Room, and Second; 
— Belart, gracious Maitre d’, 
‘departed, becoming Steward of the 
"s thereby removing the Book’s 


to distinction. 


ag y I i. the late Paul Kamper, who, 
at ti tv, designed the Book-Cadillac, 
ei that Venetian Room. It was his mas- 

Architecturally and artistically 
sed with subtle technique and cap- 

‘ g beauty of a great symphony, it 
i with good music, superb cuisine, 
nobtrusive service into a delightful 


$ ence described in the jargon of ob- 
\ social communion as “Dining out.” 
ays a contraption of plywood and _ hot- 
Mer sce-brick has been erected within the 
- tian Room, obscuring every line and 
aty- 

Pop 

ats 
mes 

r-h 


sion The place has gone “Hitzy” 
‘ is an alphabetic, aesthetic and 
mice retroflex from “Ritzy.”” With 
eaving the Book and the demise of 
enetian Room, the most restful and 
endezvous in Detroit is no more. 
ess I'm just getting to be an old 
lud,—mebbe this packing case archi- 
‘ is kosher, and I’m wrong,—but 
\ vy, | resent being charged two “Cou- 
mn one check I've always wanted 

| alibi to eat in cafeterias 


‘ flying over Chicago the other day 
th Bud Orne and Bud yelps “Lookit 
well number crossing the link bridge, 
snap the kodak on that’’—well, here’s 
ture Can you spot ‘em as far away 
1? He's champion in those parts, 
* up infra-blonde rays at 2800 meters. 


-!. the Remarkable Salem Engineering 
rnace on next page Salem could 
Saved” $500 per furnace by using 

alloy, but one breakdown would 
tthe saving. Not one of the 30,000 
ss was X-rayed. There is no reason 
‘ying production heat resisting cast- 


1454" 
Fate 
he 
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There are more chances for MISFITS in applica- 
tion of complex Heat and Corrosion Resistant 
Alloys to the Process Industries, than in any field 
we know of. 


FIRST chance for misfits comes in selecting the general 
analysis for maximum service under indicated service con- 
ditions. 


SECOND chance for misfits appears in determining the 
secondary alloying elements which determine performance 
characteristics and physical properties, as definitely as do 
prime ingredients 


THIRD chance for mistits is revealed in the considerations 
of mechanical design for the job, the form, and finish best 
suited to the mechanical requirements 


FOURTH chance for misfits, those factors of mechanical 
design indicated as desirable in form for use may entail 


hazards in manufacture or foundry practice which necessi- 
tate compromise. 


FIFTH chance for misfits attends the specification and 


manufacture of patterns. No casting is more accurate 
than its pattern, and there are many short-cuts to reduce 
pattern cost that introduce quality hazards in the product. 
Most pattern makers habitually produce cheap patterns for 
common metals Alloy patterns demand more care 


SIXTH chance for misfits rides the pattern as it goes to 
the foundry. There is a tremendous difference in foundry 


practice, in moulding, gating, core construction, pouring, 
strain relief Foundries who make common steel castings 
intermittently with alloys have neither the experience 
nor the inclination to take those extra pains that come 
from specialization and experience These complex alloys 
justify extra manufacturing expense to avoid costly service 


SEVENTH chance for misfits gapes wide belore those 
who, lacking experience and metallurgical control, desire to 


produce free machining properties without sacrifice to other 
vital properties. Heat treating of complex alloys, pickling, 
polishing, is all a job for the specialist 


HOW to avoid misfits: Select a fully qualified supplier 


There is no substitute for experience General Alloys 
solicits your inquiries on the basis of unequalled experi 
ence, facilities, backed by a National Engineering Organ 
ization 


(‘Photomicrograph on right is a special cast Q-Alloy, 
Brinelling 450 as cast, and holding close to 300 Brinell at 
1600-1700 deg. F.) 


x 
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GA TWIN-LINK (isin ror Furnaces 


TWIN-LINK CHAIN IS STRONGER — MORE ACCURATE — IN PITCH 


Ed. Note: Freddy is salesma; 
the Porous Castings Co. Just other 
foundry philandering in the alloy by... 


Dear Mr. Coldshot: 

Thanks for that book “How to 4, 
People”, but it don’t work on wi, 
They should uv put out a co ple f» 
before publishing that. That pych 


approach may sell steel, but I'm sticx 


the three R’s and workin’ from the } 
up. Your angle on workin’ from », 
down is okay with your expense , 4 
but my dice can’t stand the strain, 4,., 
the evidense Mister Coldshot, I don, 
what you sed and trailed them big . 
into the Floosiedew Room of the Bij) ; 
Hotel. In this jernt yuh gotta sit a. 
first, to buy their likker. Not high ha: 
precaution. They got black table ¢! 
discourage art, or mebbe they was | 
onct. Pburg is hard on blonds. One cy 
her popsie was a dame doggler and a ido 
grabber. Just a motorman on the bel 
out skirting the town nightly. She ch 
he spends so much time in burlecue « 
he had to buy the Womens Home Comps 
: to find what the wimmen was wearing 1» 

are available, Thousands of fet of twinlink-chain is giving 100% and me follers him to a Strip-Tease 
PAT. APPLIEO FOR 2 shop, strip whoantease what, whict 
lousey. After the courtain we took 'em: 
fights, just a couple of slug nutty 
One knocks his versus out tonight 

NEERING COMPANY BUILDS AN IMPROVED versus tomorrow nite. This stuff 
| SALEM ENGI MECHANICAL FURNACE souses signing is the bunk, if they 


read they can’t sign, and if they can 


| HE remarkable chain conveyor furnace shown roll. Think of a string of hundreds of castings, 
2 below is doing one of the hardest mechanical over a hundred feet long, accurate to a gnat's 
furnace jobs known, heat treating “Sucker-rods” whisker in dimension and expansion, and you're 


they won't sign. Anyhow did you ever 


a funnel in a Pittsburgh P.A._ Evy 


for use in the Oil Industry, and rolling them thinking of X-ite. Lady buyers is tataaway in Pburg 
~ through the furnace, on table-flat X-ite rails. Three of these super-mechanical furnaces, using don’t love ’em they don’t buy, and 
| Imagine handling red hot %” dia. steel rods, 30 over 30,000 individual X-ite castings, are function- do love ‘em they don’t pay. Just big he 
| ft. long, and rolling them hot for a distance of ing 100%, and more are ~- order, a credit to the girls. These two carried their big 
approximately fifty feet. The eight strands of SALEM ENGINEERING COMPANY'S policy of using behind ‘em and the pair of ‘em could: 
X-ite Twin-Link Chain doing that job must all first quality materials, and the best alloy mecha- : : 
| on the Hippodrome stage. The | 
bear uniformly, or the rod would kink and not nism obtainable. 


company had ‘em run in for stealing 
mocks outa their snuggle boxes. Just 


taken identity. Picked ‘em up for ! 
ieres. Febuary brides, those Pend 
sisters, just feather babes. Recir 


thicker than the local cinder-juice fogs 
my Ape of an Ass’t is working ob! 
the reciprocity angle. Seems his step- 
ers Newt Russ. Newt being P. A. of 4 
mill was slipped a block of decu! 
Prefferred in the Goldstein Equipmen' 
pany and is writtin orders with a! 
stamp. Tim is goin’ to swap stamps 
can’t break through reciprocity wit! 
and phone numbers. These Pittsbure! 
bers is party lines anyhow. This re 
racket is like the dog & flea game 
one flea and one dog, it had poss! 
But the fleas got to wagging the dog 
says the fleas will loose Fido wh 
perity turns the corner of the Bill Pen" 
and Tim and me will wait here S 
photo.) I'm showing Tim this rej 
he says it’s lousey. 


Yours till Bradstreet’s Dun,-Fr 


P.S. I saw your phoney red hea 
friend in Erie, just comin’ out ‘ 
office, your pal, Freddie. 


FREDDY REP Opts 
| «| tHE Boss 
if 
AND BETTER MECHANICALLY THAN OLD “SEPARABLE LINK” TYPES 
a 
| 


@WEESS SPECTRUM LINE PHOTOMETER 


For Evaluating Spectrograms 


in Quantitative Analysis 


An entirely new and sensitive instru- 
ment, permitting accurate and re- 
liable objective photometric evalua- 
tion by using a photoelectric cell in 
conjunction with a galvanometer. 


Easy and convenient manipulation. 


SPECTRUM PROJECTOR 
for examination of spectra 


on an enlarged scale. 


LITERATURE AND PRICES ON APPLICATION 


CARL ZEISS, INC., 485 FIFTH AVE... NEW YORK 
728 South Hill St., Los Angeles 


FOR YOUR TOOL ROOM 
A Better, More Economical 


HEAT TREATING 


FURNACE 


@ An insulating lining. 


@ One-valve control. 


@ Sturdy construction. 


@ Convenient Sight 
Tube with Pyrex 


window. 


@ Uniform heat dis- 


tribution. 


Write for details. 


_ American Gas Furnace Co. 


Elizabeth, New Jersey 


“Falcon” High Temperature Muffle Furnace, manu- 
factured by H. O. Swoboda, Inc., of Pittsburgh, Pa. 


KANTHAL Holds Unique Place 
Among Furnace Manufacturers 


For high duty electric furnaces, Kanthal 
with its operating temperature up to 2372 
F., has opened up new fields to makers of 
heating equipment 

Back of Kanthal is over 55 years of skilled 
experience in wire work 


May we have the opportunity of making 


this combination work for your benefit 


THE C. O. JELLIFF MFG. CORP. 


SOUTHPORT, CONN. 
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Handle 4 
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gs x= \] 4 
a gidgs | 
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Acs Engineering Representatives in Principal Cities. 
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Control 


—right from 
the Start 
for — 


aes control of all process- 
ing from selection of the 


ELECTRIC melting charge to the finished 


BASIC 


STEEL condition is the N. F. & O. guar- 
FORGINGS °° of quality in forgings fur- 


nished to your specifications — 
Smooth Forged, Hollow Bored, 
Rough or Finished Machined. 


NATIONAL FORGE & ORDNANCE CO. 


IRVINE, WARREN COUNTY, PENNA. U.S. A. 


A-B BENCH GRINDERS 
METALLURGICAL SPECIMENS 


Totally enclosed ball bearing motors. 
Accurately machined wheel flanges. 


Free from vibration and oscillation. 
Speeds to meet every requirement. 
Grinding wheels for roughing speci- 


mens. 
Polishing paper discs for fine Grind- 
ing. ... . Ask for details. 


Mosaic structure 


(Continued from page 152) 

As a result of the study of the intensity of 
reflection of X-rays by crystals, C. G. Darwin 
suggested that a crystal may be regarded as 
being composed of small crystalline fragments 
which are approximately parallel to each other, 
but whose orientations are distributed through 
an angular range of many minutes of are on 
either side of a mean direction. All atoms 
within each fragment are regarded as being in 
perfect arrangement. Such a crystal has been 
termed an “ideally imperfect crystal” or “mo- 
saic crystal.” 

From the experimental work it would ap- 
pear that crystals are neither ideally perfect 
nor ideally imperfect, but have a structure which 
lies between the two extremes, and in most 
cases is much closer to the ideally imperfect. 
The blocks of the mosaic are smallest and show 
the greatest difference in orientation in the 
ideally imperfect type of crystal. The lower 
limit to the dimensions of the mosaic blocks is 
of the order of 5000 A. A. B. Greninger ex- 
amined single crystals of copper by means of 
the back reflection Laue method of X-ray analy- 
sis, and concluded that the sub-structures 
deviate from exact parallelism by amounts 
varving from 5’ or 10’ to as much as 2°. Similar 
conclusions as to the imperfections in crystals 
have been obtained by the reflections, over a 
range of angles, of a crystal slowly rotated in a 
beam of parallel \-rays. 

The irregular discontinuities on which the 
Darwin mosaic hypothesis is based provide a 
simple explanation of why oxides and other 
alloy constituents accumulate and form veining 
and the sub-boundary structure of metallog- 
raphy. If the discontinuities inside the crystal 
are considered as miniature grain boundaries 
in which the difference in orientation between 
neighboring “blocks” is very small indeed, the 
precipitation of minute quantities of material 
preferentially along such “sub-boundaries” is 
analogous to the preferential precipitation of 
much greater quantities of a second phase along 
the crystal boundaries which characterizes the 
majority of two-phase alloys. 

In the latter case, the presence of the con 
stituent in a network form along the crystal! 
boundaries is the result of pre-existing differ 
ences in lattice orientation between neighboring 
crystals. The presence of a second constituen! 
in this form is sometimes of help in determining 
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AB Cut 24 
Specimen Cut. 
| | AB Bakelite 
| Polishers, 
Metallographic 
Microscopes 
of Bausch & 
Lomb. Leitz and 
&§ OPTICAL INSTRUMENTS * METALLURGICAL APPARATUS 
«a 228 NORTH LA SALLE ST.** CHICAGO ILL. 


rystal size, since the boundaries are much more 
isily “developed” by the etching reagent, and 
s also responsible for the phenomena of inter- 
rvstalline corrosion and weld decay that 
cur with certain alloys. Similarly, the pres- 
nce of veining indicates that there are, within 
the crystal, pre-existing differences in orienta- 
tion which, although far too small to be shown 
up by etching, have the effect of locating the 
initial precipitation of a constituent when this 
occurs only in a very small quantity. 

In the absence of such a constituent it is 
considered to be quite impossible with the 
present technique for the microscope to detect 
the presence of such small orientational differ- 
ences as are responsible for the mosaic struc- 
ture. The position of the major inequalities in 
orientation within the crystal may, however, be 
determined by the position of the deposits con- 
centrated in them, in the same way that a crystal 
boundary deposit facilitates the location of the 
crystal boundary. It is considered that this is 
the part plaved by the veining constituent. The 
absence of (visible) veining is purely negative 
evidence, and does not indicate the absence of 
the mosaic structure, whereas the presence of 
(visible) veining gives positive indication as to 
the quantity or type of the major irregularities 
in the crystal structure. 


Perfect Mosaics Are Rare 


Now, it is a common occurrence for mate- 
rial to be deposited upon that already precipi- 
tated, and it is probable, therefore, that although 
it indicates the presence of the mosaic structure, 
the veining gives only an incomplete picture of 
that structure. On the other hand, from the X- 
ray reflection evidence, it is known that a crystal 
is rarely, if ever, a perfect mosaic, but assumes 
some intermediate form, so that the veining 
network will not approach perfection. For what 
might be termed idea! veining, it would be nec- 
essary to have a combination of perfect mosaic 
Structure, together with complete and regular 
precipitation of the veining constituent on that 
mosaic conditions unlikely to be fulfilled in 
practice. In most instances the veining network 
is considerably larger than the mosaic proposed 
by Darwin (lower limit of the order of 5000 A.), 
ind this is to be expected, but there are ex- 
imples where the veining network approaches 
this small value. 

It must be remembered that the mosaic 
passes gradually into (Continued on page 210) 


REICHERT 


Epilum No. 243u..... $42 
Microscope MeK.....$180 
Epilum Objectives from $31 


REICHERT 


EPILUM ILLUMINATOR 


FREE from glare, for use with stand- 

ard stands. In general work the new 

Reichert Microscope Meh with adjust- 

able stage is especially recommended. 
In the Epilum attachment the illuminating 
pencils of light are admitted independent of 
the objective, and refracted upon the speci- 
men by a special annular condenser. 


Leaflet 398 on request. 


Pfaltz & Bauer. Inc. 


EMPIRE STATE BUILDING, NEW YORK 


Why Rely on 
Old Facts...? 


Why make 1936 metallurgical decisions 
on obsolete 1933 metallurgical data? If 
you still rely on the 1933 Edition of your 
Metals Handbook, you are doing just this. 


Five thousand members of the Ameri- 
can Society for Metals are already using 
the new, enlarged 1936 Edition of the 
Metals Handbook. Don't be one of the 
four thousand relying on out-of-date data 
for up-to-date decisions. 


As a member, all you need do to get 
your new Handbook is return your old 
one—the new Edition will be sent you 
free-of-charge and postage paid! 

Return your old 1933 Edition today to 


American Society for Metals 
7016 Euclid Avenue Cleveland, Ohio 
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Model G-3. 16%x24"x11". Preheat Gas Furnace 
with Atmospheric Control and Dehydrators. 


If You Use Gas, You 


can use 


JUTHE GAS FURNACES 


There is a JUTHE Gas Furnace for 
every industrial furnace requirement. 
“AMERICAN” atmospheric control 
provides 100% control of the atmos- 
phere surrounding the work. Scaling, 
burning, and decarburization are pre- 
vented. Grain growth is reduced. 


JUTHE Furnaces fulfill the require- 
ments of both toolroom and produc- 
tion line for long life, low operating 
cost, and positive results. 


Write for Bulletins 26 and 27. 


American Electric Furnace Co. 
30 Von Hillern Street Boston, Mass. 


{ll Types Industrial Furnaces 


Mosiac structure 


(Starts on page 152) the perfect crystal by the 
increase in size of the perfect regions until one 
of them occupies the whole crystal, which may 
then be looked upon as an ideal crystal. Heat 
treatment should have some effect; thus, when 
the veining in slowly cooled copper was com- 
pared with that in samples quenched and tem- 
pered, the veining was much more complete, 
more regular and the network much smaller 
than in the slowly cooled sample and suggested 
the presence of a more perfect mosaic structure. 
Also in copper-silicon and other alloys which 
had been annealed at high temperatures for a 
long time and very slowly cooled, the dimen- 
sions of the network were on a much larger 
scale than before the treatment. Conversely, 
air-cooled samples of different alloys showed 
veining which was finer and more complete than 
in samples very slowly cooled. 

There are two other phenomena which may 
be included here in support of the above line of 
reasoning. It has been shown that in a cold- 
worked specimen annealed at a temperature in 
the neighborhood of 950° F. there was far less 
evidence of veining in the recrystallized areas 
than in those which had not recrystallized. 
Since the recrystallized material would have a 
different system of mosaic structure, there would 
be less reason for the veining constituent to be 
retained in a network form, and more reason 
for it to coalesce into isolated particles as actu- 
ally occurred. In the same series of specimens 
it was observed that twinning planes appeared 
to spread from the position where the veining 
touched the new crystals. Very slight irregu- 
larities in the lattice would assist in bringing 
about twinning at this point. 

No evidence has been found to indicate the 
orientation differences of the different mosaic 
blocks in any one crystal. Since the network 
structure is not revealed without the assistance 
of a second phase and since slip lines for the 
most part appear to be unaffected by veining, 
the orientation differences must certainly be ex- 
tremely small. 

A variety of mosaic structure containing a 
multitude of submicroscopic flaws between the 
perfect blocks has been postulated to explain 
the alleged difference between the theoretical 
and the observed strength of crystals. This is 
not a necessary assumption, for when the condl- 
tions of the experiment are so arranged that 
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presence of surface cracks does not cause 
emature breakdown, the measured tensile 
rength is only slightly less than that required 
theory. Likewise the properties measured in 
wcturing a metal that deforms plastically by 
‘ip are different than in non-ductile bodies 
visualized by theorists. 

Nor is such an assumption necessary to 
explain veining. On the contrary, it is evi- 
dent that the mechanical effect of a mosaic of 
ihe type under consideration is likely to be 
small and may be expected to operate in the 
direction of increastng the hardness and strength 
and reducing the plasticity or ductility, at least 
at atmospheric temperatures. Although the 
blocks of the ideal mosaic show some lattice 
distortion at their boundaries, this will not be 
suflicient to be classified as actual cracks or 
pores. The effect may be considered as being 
similar to, but on a considerably smaller scale 
than that exercised by crystal boundaries which 
are known to bring about enhanced strength in 
metals and alloys. Slight increases in hardness 
due to the network form have, in fact, been 
observed. Since the mechanical properties of 
recrystallized metals are similar to those of 
the materials before recrystallization, it would 
be expected that the mosaic should occur in one 
as well as in the other, and this has been shown 
to be so with veining structures. 

An inquiry into the cause of the mosaic 
structure cannot, at this stage, be free from 
speculation, but mechanical strain during 
growth of salt crystals from solution or during 
solidification and subsequent cooling of metal 
crystals, may possibly be the responsible factor. 
The development of internal strain is a feature 
which frequently manifests itself in metals, but 
it cannot be stated whether the mosaic is asso- 
ciated with elastic or plastic strain. The influ- 
ence of strain is shown by the tendency for a 
slight excess of veining to appear in quenched 
and tempered specimens at the junctions of 
three or more crystals and also by the difference 
in dimensions of the structures in the slowly 
cooled and in the quenched and tempered or 
air-cooled alloys. 

Although complete confirmation of the asso- 
ciation between the veining network and the 
pre-existing mosaic structures will be a matter 
of some difficulty, their dimensions and_ the 
similarity in the effects of heat treatment upon 
‘he two structures suggest some connection be- 
‘ween them, and further work on the subject is 
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HELPFUL LITERATURE 


e Insulating Brick 


A new member of the Johns-Man- 
ville insulation family has been an. 
nounced. It is an insulating brick, 
and data sheets containing particu- 
lars on characteristics and recom- 
mended uses are available. Bulletin 
Ba-100. 


® Stress-Strain Recorder 


The many applications of the Bald- 
win-Southwark stress-strain recorder, 
its unique advantages. and the 
many ways it can give unusual 
service will be extremely interesting 
to all who have to do with testing 
methods and equipment. Bulletin 
Ba-67. 


e Hydraulic Tester 


Of interest to all engineers recom- 
mending or purchasing universal 
testing machines is a book by Riehle 
Division of American Machine and 
Metals, Inc., on the development of 
the precision hydraulic testing ma- 
chine. Bulletin Ba-157. 


e Magnet Steels 


A very handsome booklet de- 
scribes the permanent magnet steels 
and castings made by Simonds Saw 
& Steel Co., including Alnico and 
Alnic. Bulletin Ba-158. 


e Electrodes 


Recommended welding procedures 
for the new “Shield-Arc 100" elec- 
trode as well as all other Lincoln 
electrodes are contained in the 
latest “Supplies Bulletin” published 
by Lincoln Electric Co. Bulletin Ba- 
10. 


e Illuminator 


An illuminator free from glare, for 
use with standard microscope stands, 
is described in a leaflet by Pfaltz & 
Bauer, Inc. It is known as the 
Reichert Epilum Illuminator. Bulle- 
tin Ba-142. 


e Heat Resistance 


Those who have sent for the other 
bulletins in Republic Steel Corp.'s 
series on “Republic's Perfected Stain. 
less Steels” will not want to miss the 
one describing the heat resisting 
types. HCN, NC-3, and HC. Bulletin 
Ba-8. 


e Stabilog 


Ten outstanding advantages of the 
potentiometer Stabilog are fully ex- 
plained in an attractively Ilaid-out 
folder by the Foxboro Co. Bulletin 
Ba-21. 


® Hard Case 


A continuous breakdown test on 
Holden Hard Case heat treating bath 
is fully described and the remark. 
able results explained in o folder 
by A. F. Holden Co. Bulletin Ba-55. 


® Oil Testing 


An oil testing instrument catalog 
issued by C. J. Tagliabue Mig. Co. 
should be in the hands of every oil 
chemist as well as all those who are 
interested in testing machines. An 
up-to-date price list is included. Bul- 
letin Ba-62. 


® Nickel Steels 


A bulletin on the properties and 
applications of heat treated wrought 
nickel alloy steels will act as an in- 
valuable aid in selecting suitable 
steels to meet modern industrial de- 
mands in either products or plant 
equipment. International Nickel Co.. 
Inc. Bulletin Ba-45. 


e Metal Surfaces 


A manual giving in detail methods 
for the application of sodium cy- 
anide solutions in the preparation of 
metal surfaces is announced by the 
R. & H. Chemicals Department, E. I. 
du Pont de Nemours & Co. Bulletin 
Ba-29. 


® Modern Metallograph 


The new Bausch & Lomb research 
metallographic equipment, which is 
arousing so much interest and favor- 
able comment in the profession, is 
the subject of advance literature, re- 
cently issued. Bulletin Ba-35. 


® Oxygen Lance 


An eight-page booklet. profusely 
illustrated with diagrams and pic- 
tures, puts into convenient form 
much valuable information on the 
oxygen lance, which will be espe- 
cially useful to anyone working with 
heavy sections of metal. The Linde 
Air Products Co. Bulletin Ba-63. 


e Fine Steels 


Compiled by men who make fine 
steels to assist men who use fine 
steels, a handy. pocket size, 150- 
page volume by Ludlum Steel Co. 
contains many new, helpful charts 
and tables, all made quickly avail- 
able by a unique method of index- 
ing. Bulletin Aa-94. 


® Nickel Silver 


Riverside Metal Co. has just pub- 
lished a beautiful booklet on nickel 
silver. If you want the latest in- 
formation on this subject, presented 
in an attractive, interesting manner, 
write for Bulletin Aa-156. 


e Sicromo 


Timken Steel & Tube Co. has is- 
sued a new booklet on Sicromo 
steels which gives analyses of these 
new steels and discusses the effect 
of both silicon and chromium on oxi- 
dation resistance. Bulletin Ba-71. 


® Ovens 


Maehler recirculating ovens speed 
baking and reduce fuel costs. Why 
is told in a well-printed and illus- 
trated booklet by The Paul Maehler 
Co. Bulletin Ba-159. 


Stainless for Processing 


Authoritative and complete is U. S. 
Steel Corp.'s well-made brochure on 
stainless steels for the process in- 
dustries. Included in the general 
metallurgical information contained 
are a complete table of properties 
of USS stainless steels and a table 
of resistances to acids and chemicals. 
Bulletin Oy-79. 


Heroult Furnace 


A complete exposition of the 
Heroult electric furnace is carried 
through in logical style in an ex- 
ceedingly handsome illustrated book- 
let by American Bridge Co. Salient 
features, types, sizes and capacities, 
suggestions for installation, auxiliary 
equipment and practical advantages 
are given. Bulletin Jyb-124. 


Centricast Boxes 


The story of centrifugally cast car- 
burizing and annealing boxes — 
their reason for being. method of 
production, properties, and advan- 
tages —is made extremely readable 
in a folder by Michigan Steel Cast- 
ing Co. Bulletin Jya-84. 


Testing Machines 


An extremely handsome. spiral- 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by Tinius Olsen Testing Machine 
Co. Bulletin Oy-147. 


Firebrick 


Babcock & Wilcox make an in- 
sulating firebrick which is refrac- 
tory as well as insulating and can 
be used without a facing of fire- 
brick. Description, applications, and 
engineering data are contained in 
Bulletin Fy-75. 


Aluminum News 


A cleverly written, well-illustrated 
newspaper of interesting items about 
aluminum is issued by Aluminum 
Co. of America every month. The 
latest issue is Bulletin Jyx-54. 


Silico-Manganese Steel 


Silico-manganese steel for heavy 
springs is the subject of Bethlehem 
Steel Co.'s new folder giving its 
properties and recommendations for 
heat treatment. Bulletin Jyx-76. 


Compressors 
B. F. Sturtevant Co. has a line of 
centrifugal compressors designed 


particularly for industrial furnace 
applications. These are illustrated 
and described in Bulletin Myx-58. 


Steel Shafting 


Bliss & Laughlin has an att. 
tive folder on their steel shaitin. 
turned, drawn, ground, and 
ished to precision standards. jz, 
and tolerances and uses are give, 
Bulletin Ax-42. 


Sheffield Steels 


Wm. Jessop & Sons, Inc., have ; 
leaflet which tells why a special q: 
neal and a proper balancing of cq; 
bon, manganese and tungsten con 
bine to make Sheffield Superior 4) 
hardening steel non-distorting on; 
easily machinable. Bulletin Jn.6| 


Nickel-Copper Steels 


Exceptional resistance to corrosic: 
and abrasion, increased  tensi\ 
strength. and higher ductility oy 
the qualities claimed for Young; 
town Sheet & Tube Co.'s new serie: 
of Yoloy steels. A summary » 
properties and notes on their cha 
acteristics are contained in Bullet: 
Ox-93. 


Heat Resisting Alloys 


Authoritative information on allo 
castings, especially the chromium 
nickel and straight chromium oc 
loys manufactured by General A 
loys Co. to resist corrosion and hig) 
temperatures. is contained in Bu 
letin D-17. 


Ni-Cr Castings 


Compositions, properties, and uses 
of the high nickel-chromium castine 
made by The Electro Alloys Co. tor 
heat, corrosion and abrasion tr 
sistance are concisely stated in « 
handy illustrated booklet. Bulletir 
Fx-32. 


Heat Treating Manual 


A folder of Chicago Flexible She! 
Co. contains conveniently arranged 
information on heat treating equip 
ment for schools, laboratories an¢ 
shops, and also illustrates the sev 
eral types of Stewart industria! tur 
naces. Bulletin Ar-49. 


Recuperators 


Results obtained with Carborus 
dum Company's recuperittors usin 
Carbofrax tubes are fue! savings 
closer temperature control, 
heating. and improved furnace © 
mosphere. Complete engineerns 
data are given in Bulletin Fx.5’ 


Stainless Data Book 


All users of stainless and he¢ 
resisting alloys should find invo" 
able the information contained ™ ° 
booklet published by Maurath. 
giving complete analyses o! the ® 
loys produced by the different ™= 
ufacturers, along with the prope 
electrodes for welding each of the™ 
Bulletin Jyb-125. 
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Some of the Best Chinking 


in the metal industries is at your disposal 
in the literature described here. One book- 
let may hold the key to your current prob- 
lem. Help yourself to this helpful litera- 


ture. 


It's free. You incur no obligation 


when you return the coupon. 


Blast Cleaning 
So mony changes have taken 
last cleaning and dust col- 
equipment in the past three 


ears that Pangborn Corporation's 
quick reference” catalog of con- 
densed information will be invalu- 
able to all those interested in this 
subject. Bulletin Jyc-68. 


Newer Tool Steels 


Vulcan Crucible Steel Co. has a 
complete and attractive catalog list- 
ing their full line of tool steels includ- 
ng many special types to meet the 
modern trends in industry. Bulletin 
lyb-127. 


Testing with Monotron 


Shore Instrument & Mig. Co. offers 
a new bulletin on Monotron hard- 
ness testing machines which func- 
tion quickly and accurately under 
all conditions of practice. Bulle- 


tin Je-33. 


Airless Cleaning 


Comprehensive coverage of abra- 
sive cleaning and preparation meth- 
ods by description and illustration is 
contained in a colorful book pub- 
lished by the American Foundry 
Equipment Co. It describes the air- 
ess abrasive cleaning and prepara- 
tion method known as “Wheel- 
abrating.” Bulletin Dx-112. 


Boiler Furnace Brick 


The whole story of Crystolon 
silicon carbide) brick for heavy duty 
use in boiler furnace walls or lin- 
ngs is contained, not in a nutshell, 
but in very compact form in a strik- 
ing folder by the Norton Co. Bul- 
letin Jyb-88. 


Moly Matrix 


Climax Molybdenum Co.'s little 
monthly newspaper contains many 
nieresting and informative articles. 
Get the latest issue — Bulletin Ax-4. 


Cleaning Processes 


An attractive 12-page booklet en- 
tiled “Scientific Metal Cleaning” 
has been published by Detroit Rex 
Products Co. It describes in detail 
‘he applications and advantages of 
Detrex degreasing with Perm-A-Clor 
t Triad Safety Solvents and the 
applications of Triad Alkali Cleaning 
~ompounds and Strippers. Bulletin 


Oy-111, 


Kanthal 


Kanthal. an alloy for electric heat 
developed in Sweden, is now being 
marketed in the United States by 
~. ©. Jelliff Mig. Corp. A new cata- 
°§ Gives full information on proper- 
@s, forms available and fabrication. 
Bulletin Oy 78. 


Hardening Furnaces 


P. D. M. high speed hardening 
furnaces are described in two bulle- 
tins by The Philadelphia Drying 
Machine Co.—one devoted to oil- 
fired and one to gas-fired furnaces, 
both made in single and twin cham- 
ber models. Details of construction, 
design features and tables of sizes 
and capacities are included. Bulle- 
tin Oy-150. 


Centrifugal Casting 


A new circular has been prepared 
by the Calorizing Co. describing their 
methods of centrifugal casting. Bul- 
letin Dy-26. 


X-Ray Examination 

The application of X-ray examina- 
tion and inspection to castings, weld- 
ing. and food products, as well as 
practical X-ray crystal analysis, is 
completely described and strikingly 
illustrated in General Electric X-Ray 
Corp.'s new 34-page publication. 
Bulletin Dy-6. 


Titanium in Steel 


The use of ferro-carbon-titanium 
in steel is thoroughly described in a 
booklet of Titanium Alloy Mig. Co. 
Titanium’s application in forgings. 
castings, rails, sheets and plates is 
interestingly explained. Bulletin M- 
90. 


Globar Elements 


Globar electrical heating units and 
a variety of accessories for their 
operation have been catalogued by 
Globar Division of Carborundum Co. 
Bulletin Oy-25. 


Drawing Furnace 


A new convected air gas fired fur- 
nace for drawing and tempering 
dense loads has been announced by 
Despatch Oven Co. Complete details 
concerning its design and opera. 
tion, the results obtainable. and 
prices are given in Bulletin Dy-123. 


Stainless Tubing 


A folder full of helpful technical 
data on the properties and use of 
welded stainless steel tubing. a 
product finding many new applica- 
tions. is offered by Carpenter Steel 
Co. Bulletin Oy-12. 


Mutffle Gas Furnaces 


Two models of Juthe muffle type 
gas furnaces for pre-heating. harden. 
ing and annealing, and for heat 
treating high speed steel are de- 
scribed in bulletins by American 
Electric Furnace Co. Bulletin Aa-2. 


Liquitol 

The use of Liquitol for controlled 
cooling of iron and steel castings 
and ingots is fully described in a 
bulletin by Alpha-Lux Co., Inc. Bul- 
letin Mya-120. 


USE THIS COUPON TO OBTAIN THE 
LITERATURE LISTED ON THESE 
TWO PAGES AND ON PAGE 214 


Brinell Tester 


Accurate and exact measurements 
can be made on hard or soft mate- 
rials with the Diamo-Brinell hardness 
testing machine, which uses a pyra- 
mid-shaped diamond instead of a 
steel ball. Described in a pamphlet 
by Pittsburgh Instrument and Ma- 
chine Co. Bulletin Aa-1. 


EPI Microscope 


The Zeiss EPI microscope for the 
illumination and observation of 
opaque material has unlimited appli- 
cations for observing opaque mate- 
rial in dark field, bright field, and 
polarized light. A descriptive leaflet 
is published by Carl Zeiss, Inc. Bul- 
letin Aa-28. 


Tube Furnaces 


The uses, construction, control and 
operation of combustion tube fur- 
naces are given in a folder by Hevi 
Duty Electric Co. which includes 
complete specifications for various 
types. Bulletin Aa-44. 


Thermometers 


A72-page catalog by Brown Instru- 
ment Co. covers the complete line 
of Brown thermometers and pressure 
gages—indicating, recording and 
controlling — and enumerates the 
wide range of industries to which 
they are applicable. Bulletin Aa-3. 


Coordinated Control 


A new system, known as the Co. 
ordinated Control System, for auto- 
matically operating all of the tech- 
nical operations and factors of an 
industrial process is described by 
the Bristol Co. Bulletin Aa-87. 


Electric Heat 


The certainty of results obtained 
with electric heat is economically 
available in automatically controlled 
electric furnaces. Hoskins Mig. Co. 
has a catalog stressing the advan- 
tages and low-cost maintenance of 
their line of furnaces. Bulletin 
Jya-24. 


Metal Progress, 


Oven Furnaces 


In a nutshell American Gas Fur. 
nace Co.'s improved oven furnaces 
offer controlled atmosphere, quiet 
operation, economy, are over and 
under-fired and bottom vented. De. 
scribed more fully in Bulletin Aa-11. 


Electric Control 


A complete new control system for 
regulating input in proportion to de- 
mand is described in “Micromax 
Electric Control,” an illustrated eight. 
page catalog issued by Leeds & 
Northrup Co. Bulletin Oy-46. 


Liquid Carburizing 
E. F. Houghton's Perliton 
carburizer is the subject of 
page booklet. Depth of case, speed 
of penetration, and other results are 
well illustrated with graphs and 
photomicrographs. Bulletin Nv-38. 


Heat in Industry 


“Wherever Heat Is Used in In- 
dustry” is the title of Surface Com. 
bustion Corp.'s new booklet which 
starts with “Surface Combustion” 
principles and shows a part of vari- 
ous types of standard burners and 
furnaces and special furnaces. Bul. 
letin Dx-51. 


Electric Salt Baths 


Literature is available from Bellis 
Heat Treating Co. describing elec. 
trically heated bath furnaces which 
are economical to operate and have 
a wide range of applications in 
hardening, annealing. and heat 
treatment of high speed steel, stain- 
less steel, nickel, aluminum, copper 
and bronze, etc. Bulletin Ny-48. 


Ferro-Alloys 


An interesting folder by Electro 
Metallurgical Co. tells all about their 
ferro-alloys and their special service 
to users which will help them to 
operate their furnaces and make 
alloy additions under the proper 
conditions. Bulletin Jya-16. 
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Helpful Literature 


(Continued from page 213) 


Foundry Metallograph 


Today's engineering cast irons are 
structure-controlled in the foundry. 
The E. Leitz simplified micrometal- 
lograph MM.2 is particularly adapted 
to foundry applications. Bulletin Fy- 
47. 


Tempering Furnace 


Technical details and operating 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper. 
ing furnace, which has shown a re- 
markable performance record in steel 
treating operations, are given in 
Bulletin Fx-66. 


Alloy Castings 


Michiana Products Corp. has pub- 
lished a new book describing Michi 
ana corrosion resistant and stainless 
steel alloys. Generously illustrated 
it suggests many savings for the 
use of these alloys. Bulletin Oy-81. 


Compressor Data 


General information on the ap- 
plication of blowers to gas and oil 
burners, and miscellaneous appli- 
cations for other types of work are 
included in a 12-page “Turbo Com- 
pressor Data Book.” Useful tables 
and charts are included. Spencer 
Turbine Co. Bulletin Dy-70. 


Bright Annealing 


Electric Furnace Co. tells about 
their controlled atmosphere furnaces 
for continuous deoxidize annealing, 
bright normalizing and annealing 
ferrous and non-ferrous metals. Work 
comes clean, bright and dry from 
these furnaces. Bulletin No-30. 


Laboratory Service 


A new edition of “The Metal 
Analyist” tells about an organiza- 
tion established by Adolph I. Buehler 
specializing in the installation of 
metallurgical laboratories. The com- 
plete line of laboratory equipment 
marketed by Buehler is also cata- 
logued. Bulletin Dy-135. 


Specialized Tester 


The Rockwell superficial hardness 
tester is a specialized instrument for 
use where the indentation into the 
work must be kept shallow or of 
small area, yet sensitivity preserved. 
A supplement to Wilson Mechanical 
Instrument Co.'s catalog on the 
regular Rockwell tester tells all 
about it. Bulletin Sy-22. 


Nichrome 


“Nichrome” nickel-chromium re- 
sistance alloy is not the only product 
made by Driver-Harris Co. A new 
68-page catalog gives complete data 
for this well-known material as well 
as a wide variety of other alloys. 
Bulletin Oy-19. 


Port Valves 


Diagrams and descriptive matter 
show the operation of adjustable 
port valves made by North Ameri- 
can Mig. Co. that are particularly 
suitable for mediums whose rate of 
flow is not constant. Bulletin Oy-138. 


Capacitrol 


An indicating control pyrometer is 
made by Wheelco Instruments Co., 
known as the Wheelco Capacitrol. 
Their bulletin gives full description. 
wiring diagrams for different furnace 
or oven installations, and price. Bul- 
letin Mya-110. 


Pure Metals 


Pure, carbide-free metals are de- 
scribed and applications suggested 
in a pamphlet published by Metal 
& Thermit Corp., who make pure 
tungsten, chromium and manganese 
in addition to the ferro-alloys. Bul- 
letin Mya-64. 


Cutting Oils 


The problems of machine tool 
lubrication engendered by the high 
speed production and close toler- 
ances of modern industrial opera- 
tions are discussed and progress in 
cutting oils during the past few 
years reviewed in a booklet by D. 
A. Stuart & Co. Bulletin Jyb-118. 


Corrugated Ingots 


The Gathmann Engineering Co. 
has published a new booklet called 
“Gathmann Ingot Molds — Their Pur- 
pose and Design.” It illustrates 
various corrugated ingot contours 
designed to produce defect-free sur- 
face in steel ingots. Bulletin Aya-13. 


Forging Experience 


The experience of 21 years has 
made National Forge and Ordnance 
Co. the headquarters for a host of 
basic electric steel products. Typical 
products and equipment for making 
them are described in a series of 
attractive pictorial circulars. Bulletin 
Dy-136. 


Temper brittleness 


(Continued from page 155) A slight increase in hard. 
ness was observed at the early stage of the firg 
temper brittleness; we cannot, however, detect any 
hardness change corresponding to the second tem. 
per brittleness, even in the nickel-chromium steels 
which are most susceptible. 

That the phenomenon is related to the qu intity 
of existing carbide (strictly, Fe.C with Cr or other 
element in solid solution) is confirmed by the tests 
on the first four steels in the table, of increasing 
chromium content. The present author’s hypothesis 
concerning the mechanism is as follows: 

Quenched steel is constituted of two phases, 
called simply “ferrite” and “carbide”; this ferrite in 
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[After Tempering 


Diagram Showing How Relationship Between Drawu 
Temperature, Rate of Cooling, and Izod Impact (Tem 
per Brittleness) of Typical Susceptible Steel 1s Due 
to Carbide Precipitated From Supersaturated Ferrite 


quenched steel is supersaturated with carbide which 
begins to precipitate on reheating at about 400° ©. 
where sufficient atomic mobility exists to allow 4 
movement toward equilibrium conditions. At tem- 
pering temperatures of about 525° C. all carbide ts 
precipitated from the supersaturated ferrite tha! 
can be. Higher temperatures cause a reabsorption 
of some carbide in the ferrite because solubility 1 
creases above that temperature, as shown by the 
hypothetical line D’-N’ on the equilibrium diagram 
for susceptible steels. (See the figure on this page.’ 
The quantity of this precipitate existing at var:ous 
temperatures in an alloy (Continued on page 218 


Metal Progress; Page 214 


| 
| 
| 7 
| 
A 
q 
Maki 
q | steac 
4 cella 
heat 
| the 
i wher 
deal 
Ch 
| | 


~ 
4 


Heat-Resistant and 


Stainless Steel 


Making deliveries on time is a problem Heat-Resistant Alloy Castings. They are 


once more. The production pace must be much cheaper in actual cash in the long 
steady and fast to protect you from can- run, because they far exceed ordinary 


cellations by those who cannot wait. Much _—— materials in heat-hours of life... to say 


Neat treating equipment which could stand nothing of protection to delivery dates. 


the leisurely speed of the past few years, Michiana Heat-Resistant and Stainless 
new book describing Michiana Alloys and 
when a burnt out pot didn't mattera great Steel Alloy Castings have been making 
the savings others have made. The many 
deal, is too undependable to risk now. friends for 19 years by exceeding expec- llustrations will suggest savings to y 


Check over your equipment. Replace all tations. They are produced by modern 
parts subject to heat, on which the strain methods by an organization which has 


of over-time falls heaviest, with Michiana originated many advances in alloy castings. 


IGHIAN PRODUCTS CORP., Michigan City, 
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LAVITE 


THE IDEAL HEATING MEDIUM 


or 


UNIFORMITY 
PRESERVED SURFACE 
CONTROLLED HEAT 


LAVITE is a heating bath that does not dete- 
riorate. It's unique characteristics provide more 
uniform and economical results, rapidly, cleanly 
and with controlled heat. 


HARDENING - CASE HARDENING 
TEMPERING AND ANNEALING 


By the LAVITE process 


LAVITE FURNACES 


Built to meet your requirements for tempering, 
hardening and annealing. 


Eliminates burned out pots, deterioration through 
excessive heat, and necessity for atmosphere 
control. 


LAVITE Tempering Furnace 


Especially adapted for small tools. 
Units built in sizes to meet your porticular 


requirements. 


WRITE FOR COMPLETE LAVITE 
HEAT TREATING METHODS 


THE BELLIS HEAT TREATING COMPANY 


BRANFORD. CONNECTICUT 


Temper brittleness 


(Starts on page 155) steel of carbon content K 
is indicated by the horizontal intercepts of line 
X-Y-Z in the diagram (page 214). 

Precipitation of this carbide between 450 and 
925° C. is responsible for the first temper brittle- 
ness, and the rate of cooling after tempering is im- 
material, for the solid solubility of carbide in ferrite 
is quite small and unchanging at these low tempera- 
tures; likewise atomic mobility is small. The 
amount of precipitate retained in cold steel after 
tempering above 925° C. depends upon the speed 
of cooling from the draw; quick cooling retains all] 
that is present (not reabsorbed into ferrite as we 
approach line D’-N’). Higher and higher draws, 
followed by quenching, therefore mean lower and 
lower amounts of precipitated carbide in the ferrite, 
and greater and greater toughness. However, if the 
cooling after the tempering is sufficiently slow, the 
carbides reabsorbed above 525° C. will be repre- 
cipitated on the way down, as their solubility rela- 
tionship demands, and the resulting steel will have 
a maximum of precipitated carbide in the ferrite 
and a minimum toughness. 

Experiments on samples of hardened nickel- 
chromium steel, quenched after long tempering at 
650° C., confirm this hypothesis. They are then in 
the toughest condition, having almost a maximum 
of carbide in solution in ferrite; their Izod impact 
value was in fact 70 ft-lb. These pieces re-tempered 
at 525° F. had impact of less than 20 ft-lb., no mat- 
ter how cooled. Pieces re-tempered at 650° C. and 
water quenched regained all of their original tough- 
ness, but if furnace cooled they were still brittle 
This is a point worthy of attention when re-temper- 
ing susceptible steels. 

Carbon steel is not temper brittle, because car- 
bide is completely precipitated out of martensite be- 
low 300° C. Furthermore, the solid solubility of 
carbide in steel (located by line D-N on the equilib- 
rium diagram) is very small, even at A, being about 
0.03°>. Carbides in the other non-susceptible steels 
are of the same nature. Molybdenum and tungsten 
cure temper brittleness, as can be seen by compar- 
ing the last two lines in the tabulation on page 159 
with the first and third. This is perhaps due to the 
change in nature of the existing carbide so that the 
solubility curve is no longer D’-N’ on the curve on 
page 214 but D-N. 

The second temper brittleness but not the first 
should be observed when tempering annealed stee|, 
for this involves the solubility change of carbide 
below Ac,. Actual experiments verified this. Chro- 
mium, manganese and phosphorus steels gained 
about 10 ft-lb. Izod impact when water quenched 
after tempering at 650° C. 
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METAL PROGRESS 


i HAS BEEN the recent privi- 
lege of the Editor to participate in three con- 
ferences in as many technical colleges wherein 
the metallurgical curriculum has been = scru- 
tinized. In one of these a new department was 
to be organized; in the other two, courses in 
metallurgy had been given for many years, and 
it was possible to compare the required studies 
as of 1936, 1926, 1916, and 1906. It was unnec- 
essary to go further back into history, because 
then “mining engineering” was the principal if 
not the only degree offered in this field. and 
metallurgists, assayers, mineral surveyors, ge- 
vlogists, petroleum engineers, merely special- 
ized in those lines after graduation from a 
single but inclusive course of study. 

The ruling spirit in the three above-men- 
tioned conferences was a great conservatism, 
very much out of keeping with the popular con- 
ception of the bold engineer and investigator. 
rhe college developing the new course at- 
tempted to parallel its competitors; the col- 
leges with long-established departments. still 
were listing economic geology, or power plants, 
or electrical eingineering as required studies 
for junior or senior metallurgists. Now these 
are good courses for a mining engineer, who 
in his professional life must often rely on his 
own resources in isolated spots, and no one 
will argue that these studies are without value 
lo any citizen, but it can be established, I think, 
that they are not essential to a student whose 
principal interest is the utilization of metals, 
and take up much time that could be better 
utilized. 

A second general observation is that en- 
Jineering curricula with few exceptions are 
still relatively fixed, almost as fixed as they 
vere 30 vears ago, in that the most of the time 
Ss occupied by a multitude of required studies, 
leaving little opportunity for electives among 
igineering subjects and practically none for 
iree electives in non-engineering subjects. This 
Sin great contrast to recent changes in liberal 
rts education (and even in architecture); in 

inv prominent American universities the up- 


An Editorial 
on 


Merallurgical Education 


perclassman has very few required studies. As 
he gains maturity he has a larger and larger 
amount of time for independent study along a 
definite but individual line, guided by his de- 
partmental faculty, even to the point where 
the senior has no requirements for graduation 
other than an acceptable thesis and the ability 
to pass a single comprehensive examination in 
his specialty. 

One educator justified this trend in the 
liberal arts colleges by saying that the field of 
systematic knowledge has grown to be as wide 
as the world, and it is hopeless to set up a fixed 
curriculum that would embrace the reason- 
able desires of all the individuals comprising 
a numerous student body. But is this not also 
true of modern engineering? If a youth is to 
be trained to hold a certain job, a fixed series 
of studies and manual training exercises can 
be set up leading to that goal. On the other 
hand, if broad education as a metallurgical 
engineer is desired, how else can it be achieved 
today but by concentrating early on the funda- 
mentals of engineering (mathematics, chemis- 
try, physics and mechanics) and utilizing a 
continual and increasing amount of time for 
free studies in chemical metallurgy (produc- 
tion) and physical metallurgy (use) as_ the 
scholar’s interest and ability, the resources of 
the college, outside industrial cooperation and 
other circumstances dictate’ 

In this rapidly changing world a_ fixed 
engineering curriculum is an anachronism 
Technical colleges that hold to them must be 
prepared with an adequate defense. It is not 
much of a defense to point out that economic 
geology has been replaced by phase rule. While 
there is some danger in rushing into changes 
merely for the change, there is more in being 
so cautious that no important movement re- 
sults. The liberal arts colleges are showing 
the way, and a great amount of prestige should 
accrue to the engineering college that scraps the 
strait-jacket curriculum and replaces it with 
one adapted to the times—now, when it ts 


needed. 
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RESEARCH — 


SUCCESSFUL & 


UNSUCCESSFUL 


(= SCENE is a_ residential 
hotel in a mid-western city. The manager, 
whom we shall call Mr. Smith, is a very capa- 
ble manager indeed, for his hotel has begun to 
make money in the difficult vear of 1933. The 
United States has just left the gold standard, 
and Mr. Smith is fascinated by the new high 
price for gold. He is also very much interested 
in the possibility of finding new sources of gold. 

Among Mr. Smith’s guests is one Mr. Brown, 
said to be a mining engineer. Mr. Smith and 
Mr. Brown become quite well acquainted, and it 
develops that some 25 vears ago Brown was em- 
ployed by a great American mining corporation, 
was sent into the heart of Siberia to get the real 
facts about a certain mining property, but was 
discharged and blacklisted for refusing to falsify 
his report at the request of certain dishonest 
executives of his employing firm. Thereafter he 
was unable to find further employment in his 
profession anywhere in the United States. 

So to Mexico where, although he did not get 
back into mining, Brown did become acquainted 
with Pancho Villa. In fact, Senor Villa was so 
impressed with Mr. Brown's capabilities that he 
made him chief of his secret service. So Brown 
prospered; but all things come to an end and so 
did Villa. 

At Torreon, in search of fortune again, 
'rown encountered an old friend, one of Villa’s 


By Robert S. Archer 
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former lieutenants, whom we shall call merely 
the Bandit. The Bandit was very cordial, in- 
vited Brown to week-end at his sister’s hacienda. 
After many drinks the Bandit confided to Brown 
that he was worth over a million dollars. Brown 
challenged this boast, whereupon the Bandit 
proudly showed a bar of gold bullion. Brown 
admitted that it was very nice gold— but 
scarcely worth a million. He had seen nothing 
vet, said the Bandit, and must return later. 

Another week-end, more drinks, then a 
long ride on horseback, blindfolded, between 
the Bandit and another Mexican. Finally the 
blindfold was removed. Brown found himself 
in a large cave, lighted dimly but sufficiently to 
disclose a pile of gold bullion easily worth a 
million dollars. The gold had been stolen, of 
course. The Bandit was very anxious to turn 
it into money, but did not know how to do so 
safely. Better if the gold could be gotten out 
of Mexico into the States. And if Brown could 
accomplish this feat, he could have one half 
of the proceeds. 

Back in the United States, Brown had a 
plan for getting and disposing of the gold. Un- 
fortunately, he lacked ready cash. But do not 
forget that his tale greatly interested Mr. Smith, 
the hotel manager. Consequently, Mr. Smith 
staked Mr. Brown to the extent of several thou- 
sand dollars to recover the Bandit’s gold. 
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This research did not pay! 

We have in this hotel manager an example 
of a man, highly competent and successful in 
his own line of business, losing money in a 
field with which he was entirely unfamiliar. 
We may accuse him of being over-credulous, 
but let us remember that he could scarcely have 
been so with respect to his own business, or he 
could not have made money in 1933. 

At this point it may be well to define “re- 
search,” especially since we may be accused of 
stretching the term beyond the elastic limit to 
include the example just cited. The Century 
dictionary has, “a continued careful inquiry or 
investigation into a subject, in order to discover 


facts or principles.” 
Research Must Be Continued 


Please note particularly three words in this 
Careful,” and “Dis- 


definition: “Continued,” 
cover.” A single experiment or an accidental 
discovery does not constitute research, no mat- 
ter how fortunate the outcome, because the 
work lacks the required continuity. The word 
“discover” implies that the facts or principles 
resulting from research must be new. Routine 
testing is not research, no matter how long con- 
tinued or how carefully done, unless it is cou- 
pled with such close observation and originality 
of thought that new facts or principles are dis- 
covered, Research is essentially creative. 

We will now concede that we stretched a 
point in applying the term “research” to Mr. 
Brown's supposed efforts to convert the Mexi- 
can Bandit’s stolen gold into cash. The rela- 
tionship of our hotel manager to this project, 
however, was similar to that of many investors 
or sponsors toward projects more properly des- 
ignated as “research.” Another true incident 
will illustrate this point. 

Some vears ago there appeared an inventor 
who claimed the development of a new process 
for the production of metallic aluminum. He 
did not seek money for research, because he 
claimed that the research was successfully com- 
pleted, but for commercial exploitation. Con- 
siderable stock was sold ——some of it to men 
who had been quite successful in their own 
business —- but no dividends were ever paid. 

In our superior wisdom we may feel that 
these two examples scarcely concern us. We 
would not be stupid enough to put money into 
a research project in a strange field, or at least 
we would not do so without consulting an ex- 


pert in that field in whom we had confiden 

But it happened that this particular process 
was investigated by at least one eminent and 
thoroughly honest chemist. He reported that 
he could not understand the chemistry of ty 
process, but that he had witnessed the produc- 
tion of metallic aluminum. The unorthodox 
chemistry intrigued his curiosity, so he did not 
even suspect that some one might have “salted” 
the apparatus with metallic aluminum while 
the inventor and his visitors were out at lunch. 

Another and more satisfying story of re- 
search in aluminum was briefly told in Merar 
Progress (Feb. 1936) by Junius D. Edwards, 
about Charles M. Hall, who as a college student 
became engrossed in the problem. The develop- 
ment of Hall's process permitted drastic reduc- 
tions in the price of aluminum, and thereby laid 
the foundation for a large industry, which 
turned out to be highly profitable to him and to 
his business associates. It is said of Hall that he 
worked with a clear and definite aim, and sel- 
dom became discouraged for more than a few 
hours at a time. 

It is not necessary to consider such striking 
examples of profit or loss from investments in 
research in order to realize that these invest- 
ments are sometimes profitable and sometimes 
unprofitable. Most of us are familiar with ex- 
amples which illustrate in a less conspicuous 
manner that research may or may not pay. 


€& Members Influence Research 


Research in the arts and sciences relating to 
metals is of special interest to the American So- 
ciety for Metals. Much of this work is done }) 
our members, and the results often find expres- 
sion in our publications. Furthermore, most o! 
our members are in a position to influence the 
allotment of expenditures to research projects, 
to an extent which they may not always fully 
realize. 

Those members who hold executive posi- 
tions in the metal industries obviously hav« 
much to do with this matter. An_ influence 
which is just as real and important, althoug!h 
less obvious, is that exerted by every man who 
expresses any desire for improvement in metal 
products or metal-working processes, It is Us- 
ually upon the cumulative evidence of demand 
resulting from such expressions that executives 
base their appropriations for research. When- 
ever any member of our Society asks a manu- 
facturer of metal products, or of equipmen', 
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in improvement whose attainment requires 

acquisition of new knowledge, he is really 

ting his ballot for a research expenditure. 
henever a salesman transmits such a demand 

‘is technical or operating associates, together 

th his own comments, he also is helping to 
ide research. 

Since all of us share the responsibility, we 
ay well inquire into the conditions favorable 
» profit from research. First, we should per- 
aps define more fully what we mean by profit. 
here are various parties to be considered, 


character. The results cannot be accurately pre- 
dicted, and this is inherently true, because if 
they could be predicted, no research would be 
involved. We can, however, assume that the 
project will be technically successful, then esti- 
mate its possible commercial value, and thus 
arrive at a maximum possible value of the un- 
dertaking. Since the odds are usually against a 
completely satisfactory technical outcome, the 
possible value should usually be several times 
the estimated cost. 


Researches on processes are usually con- 


Walls, Ceiling and Columns in Main Research Laboratory of Chicago Vitreous Enamel Product Co. Are binished in 
lcid- Resisting Porcelain Enamel in Harmonious Colors. Generous use of stainless steel strip at joints enhances the effect. 
Consultant on architecture: R. Harold Zook. Consultant on color: Louis We einzelbaum.  Hedrich-Blessing photo 


and to be regarded as commercially successful, 
research should vield a value greater than its 
cost to the party which bears that cost (whether 
such party be the public or a private business) 
and should be profitable to the individuals doing 
the work in the sense that they should get a 
greater combination of enjoyment and compen- 
sation than they could receive from some other 
tvpe of work. 

In considering a research project, the first 
problem is to estimate the probable cost, and 
the possible value of the results. In the latter, 
we immediately encounter the fact that any sin- 
le project of this type is quite speculative in 


ducted with the object of effecting savings over 
existing processes, and then the possible value 
can be estimated by operating men familiar with 
existing processes. To illustrate by a simple 
example, a concern doing a large amount of 
sulphuric acid pickling was approached on a 
proposition that steel could be cleaned more 
cheaply by another method, The saving claimed 
for the new method was found to be greater than 
the total existing cost of cleaning by pickling. 
The men who made the proposal had wasted 
their time because they did not know pickling 
costs for the particular tvpe of work involved. 
The possible value of research on new prod- 
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ucts depends greatly on markets. Much money 
has been wasted on the development of prod- 
ucts whose greatest possible sale could not jus- 
tify the development cost. This error is now 
better appreciated than formerly, and it is more 
common to find market analyses made before 
the expenditure of considerable sums on the 
development of new products. Market analysis 


a single instance, note the statement by 
Litchfield, inserted by the Editor on page 261. 
We are accustomed to thinking of scienti 
and industrial research as an activity which his 
been carried on only in recent vears with respect 
to the entire period of human history. We a 
also conscious of the great and accelerating ra\; 


of technical progress in the past 190 vears. We 


“dt Is kitting That Research Men, Who Will Lead the 
Way to Progress and a Higher Living Standard, Should 
Themselves Be Housed in a Building Applving the Latest 
Results of Their Research.” says Charles R. Hook. 
President of American Rolling Mill Co., in Releasing 
This Architect's Drawing of the $260,000 Research 
Laboratory That Is) Now Under Construction at Mid- 
dletown, Ohio. The Austin Co. Architects and Builders 


is in itself a type of research, however, and one 
which requires just as great skill as physical 
research. L. S. Hamaker has developed this 
phase of the problem in an interesting article in 
Merrat. Progress just a vear ago, 

While any single research project is a 
highly speculative investment, it does not neces- 
sarily follow that a program involving several 
projects is equally speculative. In fact, there is 
reason to believe that a sound research program, 
ably conceived and executed, may be one of the 
most certain as well as profitable investments. 
One line of evidence for this proposition is 
found in the fact that certain large and very 
successful corporations have persistently car- 
ried on their research programs, with little or 
no retrenchment, throughout the depression. As 


forget meanwhile that our ancestors, even back 
to the ancient Egyptians, produced artisans 
whose handicraft compares favorably with the 
best we can produce today. 

One of the achievements and still current 
problems of research is the conversion of the 
industrial arts into exact sciences. It is inter- 
esting and important to note that man has usu- 
ally learned how to make things work before 
he has learned why they work. Steel was hard- 
ened for many centuries before the thermal! 
critical points were discovered. Until an art is 
reduced to a science, performance is apt to lx 
somewhat erratic and the training of new ar- 
tisans a very slow procedure. Processes are 
wasteful because minimum requirements are 
not known. Witness, for example, the importa- 
tion of water from Sheftield, England, into New 
York for the quenching of cutlery. 

Quality of product, under these conditions, 
is apt to lack uniformity. While it is doubtful 
whether modern scientific methods can produc: 
a sword blade as fine as the best that were 
made in medieval times, the medieval methods 
were slow and costly, and undoubtedly the per- 
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tage of poor blades was quite high. This 

ds us to a significant conclusion, namely, that 
some cases at least, the very finest quality of 
duct can be attained by retaining artistic 
iftsmanship followed by scientific inspection. 
mmetimes artistic craftsmanship can be aided 
scientific measures and controls. It is to be 
ited, however, with respect to the human ele- 
nent, that men skilled in the application of 
scientific controls and constitutionally fitted for 
this type of work are rarely the same kind of 
men who make the finest craftsmen. The sci- 
entist and engineer depend largely on reason, 
while the artisan depends more on keen ob- 
servation, in which every one of the physical 
senses is employed. His observation is often 
aided by something which we would like to call 
an uneanny intuition. Perhaps this intuition is 
really more of a subconscious association of his 


observations. 


Intuition, Observation, Interpretation 


The principles which we are here consider- 
ing can also be illustrated with reference to the 
fine arts. A plaver-piano can reproduce music 
fairly accurately as it is written, but the result 
does not sound much like the rendition of a fine 
musician. 

Let us now return to the problem of con- 
ducting research for profit. Assume that a re- 
search program is proper for a given industrial 
concern — that engineering and market studies 
have indicated a promising return on various 
projects. What type of men should be selected 
to carry out the program? 

An interesting paradox here presents itself. 
Most industrial research organizations are made 
up largely of college graduates, many with ad- 
vanced degrees — or at least these are the men 
we hear about. The paradox lies in the fact that 
most of the world’s greatest contributions to 
technology have come from men who never 
went to college — men like Franklin, Edison, 
and Ford. Creative ability seems to lie in that 
combination of keen senses, close observation 
and “intuition” which makes the fine craftsman 
or artist. 

Have our great industries then been wrong 
in employing men of advanced technical train- 
ing for research? Not necessarily. In the first 
place, college training need not submerge the 
native traits of the type which we may refer to 
briefly as “artistic.” It seems, however, that this 


‘ype of man is less apt to go to college (or to 


complete his course if he does go there) than the 
man who learns more easily from books. A 
college degree is not incompatible with research 
ability, but it is certainly no guarantee of such 
ability. From the statistical standpoint, it might 
be argued for the college man that the greater 
creative production of non-college men is quite 
natural, because there are many more of them, 
and the ratio has been even greater in the past. 

Another point is that modern technology 
has become so complex in some directions that 
advanced scientific and mathematical training 
might be considered essential for even an ap- 
proach to certain problems. This assumption 
is questionable. 

A factor of considerable importance is the 
wider range of knowledge of the college trained 
man, and particularly his education in methods 
of searching literature and other sources for ex- 
isting knowledge. Men without such knowledge 
and training often waste more effort in doing 
something which has been done before. 

Henry Ford has proved himself one of the 
greatest industrial research directors of all 
times. To him is attributed a remark that he 
does not like experts — because they know too 
damn many things that can’t be done! This 
applies not only to college graduates but also 
to artisans who are expert in the particular field 
in which new work is to be done; it is, however, 
one of the failings of many men of advanced 
scientific training — they fail to realize that dis- 
covery and invention lie in phenomena which 


are not according to Hovle. 
The Field for College Training 


The college trained man, even without cre- 
ative ability, can be of great help in research 
work. He can criticize projects, calculate costs, 
help the creative man of less training by means 
of his wider background of knowledge, analyze 
the results of creative work, simplify procedure, 
and bring processes under control. Successful 
research is favored both by creative ability and 
by advanced technical training; these character- 
istics may not often be found to the highest de- 
gree in the same individual; if not so found, 
they should be made available by drawing upon 
individuals of both types. 

The time factor is of great importance in 
research, The executives of one of our great in- 
dustrial corporations which has made research 
very profitable have concluded that it requires 
about five vears to build up an efficient research 
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organization. During this period the research 
men acquire as a background a sense of per- 
spective and eflicient research methods. C. F. 
surgess, of the Burgess Laboratories, has stated 
(if I recall correctiv) that in his experience 
about seven vears had been the average period 
from the beginning of a project to the earning 
of profits. Naturally many projects show a 
profit in less time, while some take longer. 

Thus the building of an efficient research 
organization and the average time for profit- 
able development of a project are both matters 
requiring some vears. It is, therefore, obvious 
that the prospects of making money from. re- 
search are most favorable when the continua- 
tion of the research program can be assured 
for some time — preferably at least ten vears. 
A corollary of this proposition is that the cost 
of the work should bear a proper relationship 
to the income or funds available for its support. 

Since research unavoidably moves with a 
slowness which is often disappointing, it is im- 
portant to use all reasonable means of speeding 
ihe work. Some phases of the work, particu- 
larly the mental processes, cannot be greatly 
accelerated. Ten men can think about more 
different things than one man, but they cannot 
think ten times as fast. Furthermore, it takes 
just so long to hatch an egg, and putting several 


hens on it will not hasten matters. A one-vear 
corrosion test cannot be run in one month. 


Time Saving Methods 


There are ways of saving time, however. 
Research work is not moving as rapidly as it 
can when the men are frequently interrupted 
to attend to other matters, such as production 
problems. It is largely for this reason that a 
separate research organization is established, 
independent of the technical organization §re- 
sponsible for production control. This separa- 
tion has some disadvantages, however.  Re- 
search men thus separated are usually not in 
a good position for semi-commercial research 
using plant facilities. Furthermore, when a 
project has reached such a stage that it should 
be introduced into regular plant operations, it 
is turned over to men who are relatively un- 
familiar with it, and perhaps unsympathetic. 
Whether the research organization should or 
should not be separate, however, should be de- 
cided in each case; both profitable and unprofit- 
able research has been done by both methods. 

Time can also be gained in other ways, es- 


pecially by avoiding delays in shop work ond 
in testing. In a certain laboratory having as 
one of its functions the development of alurni- 
num alloys for castings, it was at one time 

practice to cut accurate threads on all tensik 
test bars. This was done at the insistence of 9 
highly trained testing engineer. Because of 
congestion of work in the machine shop, thy 
average time between the pouring of an experi- 
mental heat and the pulling of the bars was fou 
il 
This machining 


days—-four days before the next experim 
could be guided by the last! 
was entirely unnecessary except for very brittk 
allovs; when the practice was discontinued ex- 
cept in such cases, the result was that tensile 
test results were sometimes available within half 
an hour after casting the bars. It was then pos- 
sible to make and test as many as four melts in 
one day, each guided by the results of the last, 
instead of one melt in four days — a ratio of 16 
to 1 in speed. 

The testing engineer had in this case im- 
peded progress by being too meticulous, and 
had also wasted much money. — This type of 
mistake is frequently made. Many earnest in- 
vestigators feel that testing for research pur- 
poses is more exacting than testing for produ 
tion control. The reverse is often the case. In 
the early stages of a project the object is likely 
to be a rapid and economical survey of broad 
fields to find restricted regions worthy of more 
intensive cultivation. In this exploratory work 
we are looking for marked differences in prop- 
erties and even qualitative tests may be ade- 
quate. In later stages of the work more exact 
determinations, sometimes of the highest possi- 
ble precision, may be required. 


Research Can Be Profitable 


Is research work profitable to the individ- 
ual doing the work? Perhaps we can refer 
again to the imperfect analogy of the quest for 
gold. It is said that total expenditures in this 
quest have greatly exceeded the value of the 
gold recovered. Perhaps the total expenditures 
of all those who have sought to discover and 
invent have also exceeded the rewards of th 
small percentage who have been successful! 
Failure among individuals has been so common 
that inventors are commonly expected to! 
poor, 

But much of all this effort and expense has 
been in rather hopeless causes. Men are still 


working on perpetual motion machines, redis- 
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ne the carburizing of steel, and the “lost 
of hardening The technically 
d man has a great advantage in this re- 


copper. 


over the man of less training; he is not so 
to waste time duplicating work which has 
idy been done, or attempting something 
h clearly is against one of the few relatively 
d laws of nature. 
Even though the inventor is successful in his 


purpose, and his invention worth more than its 


cost, he may fail to profit because of lack of 
business ability, whether he works alone or is 
employed by others. In short, research as a vo- 
cation does not guarantee either profit or loss 
to the individual, any more than law, selling, or 
banking. It has been and is profitable to those 
who are suited for it by native abilities, tempera- 


ment and training — and unprofitable to others, 


How Research in Rubber Contributes to Modern Ways of Living 


By P. W. Litchfield, President, Goodyear Tire & Rubber Co., 


THE RUBBER INDUSTRY, 
from the very beginning, has been based on 
scientific research. The uses of rubber were 
there was no 


strictly limited — actually 


rubber industry — until Charles Goodyear 
discovered of 
1839 after much patient experimentation. 

Other discoveries, making new land- 
marks in the development of the art of rub- 
ber manufacture, and increasing its field of 


the secret vulcanization in 


useful service were these: Development of 
a process to “reclaim” used rubber (1899) ; 
discovery of accelerators to quicken the 
vulcanization process (1906); use of carbon 
black and other pigments to increase the 
durability of rubber compounds (1916); 
development of a commercial process to 
make synthetic rubber (1931). 

These significant advances, together 
with many others, have been combined to 
make rubber an increasingly valuable con- 
tributor to modern ways of living. Good- 
year established its own development de- 
partment in 1908, when organized research 
was still relatively new to American indus- 
try. To this department was assigned the 
three-fold task of (1) designing new prod- 
ucts, (2) testing all products to assure high 
enduring performance, and 
(3) checking the work of production at 
every step. 

Our 


more than 250,000,000 pneumatic automo- 


quality and 


record of building and _ selling 
bile tires may be credited in large part to 
the fact that during the past ten years the 
company has spent nearly $17,000,000 on 
research and product development alone. 


loday 109 persons at Goodyear devote their 


Akron, Ohio 


full time to devising ways and means of 
making better products and finding wider 
uses for them. 
One hundred rubber was 
used in only limited quantities, chiefly for 
Now 
it is manufactured into tens of thousands 
of different 
tires are by far the most important. Today's 


ago 


vears 
waterproof clothing and footwear. 
articles, of which automobile 


unprecedented consumption of rubber may 
be attributed chiefly to (1) the demand for 
larger passenger car tires; (2) the increas- 
ing use of pneumatic rubber tires on trucks 
and farm implements; and (3) the contin- 
ual development of new industrial uses for 
rubber. (In the modern motor car, for ex- 
ample, fully as large a tonnage of rubber 
products is needed for such things as en- 
gine mountings, runningboards, and steer- 
ing wheels, as for tires and tubes.) 

Since the manufacture of automobile 
tires is the most important branch of the 
rubber industry, the aid of science has of 
course been enlisted here to help produce 
safer, stronger, longer-lasting tires. It is a 
matter of satisfaction to record that Good- 
year has plaved a leading part in pioneer- 
ing many of the outstanding advances in 
tire design and construction. Research and 
development work were never more impor- 
tant to the rubber industry than at the 
present time. Today's passenger cars and 
trucks, traveling at high speeds, carrying 
heavy loads, stopping and starting quickly, 
put an enormous burden on tires. 

Confronted with such engineering prob- 
lems, Goodyear’s research experts are en- 


gaged today on the tires of the future. 
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PHYSICISTS 


MEET THE 


METALLURGISTS 


A S A PART of a general pro- 
gram designed to bring together various groups 
of scientists and engineers to discuss the status 
of scientific knowledge in the various engineer- 
ing fields, the American Institute of Physics in 
collaboration with the Massachusetts Institute of 
Technology sponsored a three-day symposium 
on metals, held at the latter Institute in Cam- 
bridge, Mass., late in January. In the mind of 
this reporter, the meeting was a grand success. 

It is really quite obvious even to a casual 
commentator that the rapid growth of the sei- 
ences and the various branches of engineering 
will require frequent discussion of problems 
common to both fields, for no longer may one 
man be competent to hold all of the sciences 
within his grasp, nor can a practicing engineer 
be expected to be fully conversant with the ad- 
vances in the scientific fields that pertain to his 
immediate interests. The metallurgist occupies 
a position of particular difficulty in this respect: 


gi 


Apart from his specialty in metallurgical en 
neering he should be thoroughly grounded in 
physical chemistry if he is to understand the re- 
actions that occur in the refining of metals, he 
should be well acquainted with electrochemistry 
if he is to understand corrosion, he must be well 
trained in physics and mechanics if he is to be 
intelligent in his handling of metal-working 
problems and if he is to be capable of devising 


By Robert F. Mehl S 
Head, Dept. of Metallurgy 


Carnegie Institute of Technolog, 
Pittsburgh, Pa 


and interpreting physical tests, and so on, nearly 
ad infinitum. The growing number of symposia 
being held by American societies is a proof of 
the need for a wider knowledge to counteract 
growing specialization. 

With this in mind, eighteen speakers pri 
sented papers at Cambridge on the various as- 
pects of metallurgy upon which physicists might 
be of help and on various chapters of pliysics 
which might be basic to metallurgical phenom- 
ena, hoping that a statement of unsolved prob- 
lems would inevitably lead to some efforts 
toward their solution by the common interest in- 
itiated in this way. The interest of the several 
hundred in the audience, many of whom had 
been sent by industrial companies from a con- 
siderable distance, must have been gratifying to 
the sponsors of the meeting. Summaries o! 
many of the papers may be secured from \’ro! 
John Wulff at Massachusetts Institute of Tech- 
nology, who was in charge of the arrangements 
Doubtless a formal publication will also bh 
available eventually. 

Starting with the most basic of all metal 
problems, namely, that of the electronic struc 
ture of the metal atom, J. C. Slater, professor o! 
physics, described in simple and mos! 
lucid terms the physicist’s present ideas of ‘he 
nature of the metallic state, following a treat 
ment somewhat similar to that given in a recon! 
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iber of Review of Modern Physics and to 
se in recent books by Hume-Rothery and by 
‘tt and Jones. Let it not be thought that this 
, theoretical and therefore (the “therefore” 
ill too prevelant among engineers) an im- 
ictical matter! For with such science the 
tors which determine the constitutions of al- 
vs — what intermediate phases should be (and 

) present, what the solidus and liquidus tem- 

eratures should be, what the degrees of solid 

lubility should be— are now finally, after 
hese many years of alloy study, beginning to be 
mderstood, and sound predictions for uninves- 
tigated alloy systems made. 

Following, perhaps for purposes of relief, 
the present writer discussed the metallurgical 
problem of diffusion in alloys, pointing out the 
many instances where diffusion is the major 
process operating in metallurgical processes. In 
discussing the factors which determine the rates 
of diffusions in alloys and thus also determine 
the rates of processes such as carburizing, age 
hardening and a host of others, the basic prob- 
lems were outlined upon which the physicist 
must lend his aid if progress is to be had. Much 
of this same ground has been covered in ad- 
dresses before @ chapters. 

F. Bitter, associate professor of metallurgy 
at M.LT., described the several problems in the 
physics of metals upon which he is engaged. Of 
particular interest is that of magnetic methods 
involving careful physical analysis to determine 
the extent and type of preferred orientations in 
cold-worked metals and also to determine the 
state of internal strain. He described also his 
recent studies on the factors that determine the 
occurrence of ferromagnetism in alloys. These 
studies are probably as good as any to exemplify 
problems where a knowledge of both physics 
and metallurgy are required. 

In his usual entertaining stvle, V. N. Krivo- 
bok of Carnegie Institute of Technology and 
Allegheny Steel Co., spoke on the mechanical 
behavior of stainless steels, following in a large 
part his Campbell Lecture and his recent paper 
to the @ on the effect of variations in the com- 
position of 18-8 on the properties following cold 
work. (This was summarized in Merat ProGress 
in Noy. 1934 and Oct. 1936.) He stressed partic- 
‘larly the remarkable variations in properties 
which can be obtained in this alloy with varia- 
tions in composition, with mechanical treatment 
ind with aging treatment. If the physicists pres- 
ent lent but little help in supplying the missing 
explanations in this and other instances, let it 


be credited to the inherent difficulties in the 
science of metals, rather than to any lack in 
the physicists! 

RK. M. Burns of the Bell Telephone Labora- 
tories presented a carefully developed treatment 
of the corrosion of metals and alloys, discussing 
the manifold complications which prevent any 
simple theoretical treatment but none-the-less 
clarifying to many of those present the nature 
of the myriad problems involved. Many of his 
thoughts have already been put in print in a 
series of articles in Bell System Technical Jour- 
nal, John Wulff of M.LT. then spoke very en- 
tertainingly on pit corrosion, illustrating his ad- 
dress with exhibits. Evidently the magnetic 
method is one of the most sensitive in disclosing 
the early stages of the decomposition of austen- 
ite in stainless steel, and evidently also pit cor- 
rosion is and will probably remain a major 
problem, practically and scientifically. One of 
its practical consequences was discussed edi- 


torially in Merat Progress, Feb, 1935. 


Lead-In Wires 


Some measure of leavening to a rather seri- 
ous meeting was afforded by the address and 
the discussion thereto by A. W. Hull of the re- 
search laboratories, General Electric Co., who 
described recent developments in alloys that 
reproduce the expansion characteristics of glass 
and thus perform admirably when sealed in 
glass (see Progress, Dec. 1935). For 
this purpose the sum of the variations in the 
amounts of the many metals present in the alloy 
must not exceed 0.15). But any suspicion that 
difliculties in meeting such a severe specification 
lay in the inadequacies of the metallurgist was 
promptly dissipated by several of these gentle- 
men who remarked that the problem is one of 
the purchasing agent and not the metallurgist! 

Speaking on the subject of flow phenomena 
in heavily stressed metals, P. W. Bridgman, pro- 
fessor of physics at Harvard University, de- 
scribed his recent experiments in which thin 
metallic sections are given an extreme amount 
of cold work in torsion, and by the necessary ap- 
plied torques disclose the occurrence of hitherto 
unknown transformations and much new infor- 
mation on the plasticity of metals. A. V. 
deForest, associate professor of mechanical en- 
gineering at M.LT.. exhibited a= steel spring 
wound in such a way as to be in compression 
even though tightly packed and described the 
ingenious way in which this had been done. His 
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address was on “The Elastic Properties of Fer- 
rous Metals at Room Temperature,” and he de- 
scribed also his recent studies on creep, particu- 
larly as applied to springs for seismograplhis 
where the requirements are severe. A. Nadai, 
physicist of the Westinghouse Research Labora- 
tories in Pittsburgh gave a detailed and mathe- 
matical account of the plasticity of metals as 
revealed in creep. 

LL. W. Trinks, professor of mechanical 
enginecring at Carnegie Institute of Technology, 
described the mechanics of rolling, revealing to 
the audience the principles which operate in the 
simple and the complex types of rolling, making 
his address graphic with some excellent slides. 

The director of applied physics at Massa- 
chusetts Institute of Technology, G. R. Harrison, 
gave a very valuable summary of the accom- 
plishments and limitations of spectrographic 
analysis of ferrous materials, stating with great 
clarity the types of instruments that should be 
used and the degrees of accuracy which can be 
obtained. The progress in this branch of science 
is gratifving, at least to this spectator. In a 
somewhat similar vein J.T. Norton of the same 
faculty discussed the use and limitations of 
X-ray diffraction. 

C. J. Davisson of the Bell Telephone Labo- 
ratories chose a subject of considerable interest 
to the modern scientist of metals: “What Elec- 
trons (Electron Diffraction) Can Tell Us About 
Metals.” Especially in studies on the structure 
of thin films, including oxidation and corrosion 
films, and in the structure of severely worked 
films, electron diffraction is contributing en- 
tirely new information, As the reader will know, 
the English group of scientists working recently 
in this field believes that electron diffraction has 
proved the existence of amorphous metal in 
polish lavers. Is it not a strange circumstance 
that the modern high-brow (to use Dr. Gillett’s 
oft-repeated but atrocious term) has perhaps 
proved what the high-brow of ten years ago dis- 
proved and only the low-brow accepted? Per- 
haps being high-brow is a matter of age! But 
the end is not vet in this question, for upon 
cross-examination, Dr. Davisson stated that the 
interpretation of electron diffraction  photo- 
grams of polished metals is still in the contro- 
versial stage and implied that the metallurgist 
might as well keep the opinion he has for the 
moment, 

In the last formal session the metallurgist 
alone held forth, with our own past-president 
Jeffries giving an interesting account of the 


newly developed tool materials, with A. 
Kinzel of the Union Carbide and Carbon RB 
search Laboratories proposing that all (or mos 
processes of embrittlement in steel might ha 
their origins in peripheral (“hoop”) stresses 
around “non-ferritic particles,” with S. L. Hoyt 
of the A. O. Smith Co, discussing powder metal- 
lurgy in a delightful way, and with E. C. Bain 
of the United States Steel Corp. and presiden| 
&. relating his own work on the rationalization 
of the austenite-pearlite, austenite-bainite, and 
the austenite-martensite transformations. I hay: 
not given any details of these addresses only be- 
cause their authors and their subjects are so 
familiar to the metallurgical fraternity which 
reads Mrevat ProGress; they served a valuabk 
purpose in disclosing to the physicists the com- 
plexities in metallurgical phenomena. If they 
served also to dissipate the unconsidered opin- 
ion I have found in some quarters that the met- 
allurgical scientist is really not much of a scien- 
tist, they served admirably well. Indeed, in thy 
opinion of your reporter, the metallurgist at this 
meeting acquitted himself with distinction: his 
science is complicated and inherently difficult, 
but he knows a tremendous lot about it. 

Following the meetings, the extensive re- 
search laboratories of Massachusetts Institute of 
Technology were held open for inspection; sev- 
eral groups journeyed to the Watertown Arsenal! 
fora similar purpose. Ata very pleasant dinne: 
at the Copley-Plaza, President Compton of 
M.I.T. spoke on the objectives of these sym- 
posia, and Albert Sauveur spoke on the early 
metallurgists, “conferring” 21 honorary degrees 
and entertaining his audience in that delightful 
way which has endeared him to all of us. 

Such symposia as this should be — and ar 
to be repeated. Need there be any better ar- 
gument in justification of research in the scienc: 
of metals than the untold dollars which have ac- 
crued to the metallurgical industries from the 
greatly improved modes of thinking by metal- 
lurgists that resulted from the scientific writings 
of Jeffries and Archer on slip resistance and on 
recrystallization and grain growth a little ove: 
a decade ago? Or the tremendous engineering 
development of age hardening alloys which fo! 
lowed Merica’s statement of the underlying prin 
ciples? Let the engineer and the industria 
executive lend his ear — and his pocketbook 
to the scientist in metals whether in industry o 
in the university. The thought of that scientis' 
and the experiments of that scientist are leadin 
to the new metallurgy! 
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ADVANTAGES OF 


ALLOY STEELS 


A N ARTICLE in the February 
issue of Merat ProGress discussed the inherent 
limitations of heat treated carbon steels, even 
when of the best commercial quality, as far as 
their applications to important automotive parts 
are concerned, This sequel will now attempt to 
indicate how some of these limitations are re- 
moved by alloying. <A third article, next month, 
will discuss the type of investigations and in- 
formation necessary prior to an intelligent se- 
lection of a new alloy steel. 

Steering Knuckle——One important point 
brought out in the previous article is that plain 
carbon steel, when heat treated to high strength 
and hardness, is unreliable when the part is ir- 
regular in shape and cross-section. The steering 
knuckle is an odd-shaped part having surface 
irregularities which cause stress concentration. 
ltis a very important part and if broken in serv- 
ice would endanger life. Material and heat 
treatment must therefore be such that there ex- 
isis a minimum possibility of failure. Although 
the section size is somewhat lighter than the 
crankshaft, for which carbon steel is satisfac- 
tory, the amount or depth of hardening which 
could be obtained in plain carbon steel even 
with a water quench would not be sufficient 
‘o insure the most reliable result. Danger 
of cracking also would always attend water 
quenching — and by that is meant internal mi- 
cro-cracks or even submicroscopic cracks rather 
than evident surface cracks. Steering knuckles 


By A L Boe gehold 
Head, Metallurgical Dept 


Research Laboratories section 
General Motors Corp 


are made from the medium manganese steels 
S.A.E. T1340 and T1330, chromium-molybde- 
num 4130, nickel-chromium 3140 and carbon- 
molybdenum steels. The hardness varies be- 
tween 241 and 302 Brinell on most knuckles but 
on others is up to 340.) There is considerable 
machining to be done after it is heat treated 
(which is another reason for using alloy steel 
for this part, since steels like 5140 and 1130 may 
be readily machined up to a hardness of 310 
Brinell). 

The variety of steels in use for steering 
knuckles recalls the statement made earlier in 
the discussion that there are too many steels. In 
the class of steel used for steering knuckles we 
have the S.A.E. steels mentioned above and in 
addition straight chromium steels, chromium- 
vanadium steels and 3!.‘- nickel steels, all in 
carbon contents at or about O40. Some of 
these are used much less than they were some 
time ago, for there is not enough difference be- 
tween them to justify their existence. The tend- 
ency is to gravitate to the use of the ones in this 
group that are at the lower end of the price 
scale. Any one of the steels mentioned would, 
when properly made and heat treated, be per- 
fectly satisfactory for a steering knuckle. The 
same remarks would be appropriate in) con 
nection with the O.30°, carbon grade of the 
same six alloys. 

Gear Requirements — Automotive gearing 


comprises a class of parts wherein the peculiar! 
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At Left Are the Helical Gears in a Synero-Mesh Trang 
sion: at Right Are Pinion, Ring Gear and 1 ifferentg 
Assembly. Photographed in the Cadillac plant @ couple of yu 
ago by Anton Bruehl, the details may be slightly altered , 
1937 cars. but the photography could hardly be improved ups 


concentration), Side gears and differential 
pinions are of such shape and size that dis- 
tortion can be controlled within satisfac- 
tory limits, even with a water quench which 
is used to get the desired tooth hardness for 
wear resistance. 

Distortion occurring during hardening 
is an occurrence which has especially to be 
taken into consideration in all parts that 
are used without finishing operations after 
heat treatment. Parts that are finish ma- 
chined before heat treating are those which, 
because of the high stresses imposed or be- 
cause of a requirement for wear resistance, 


must have a hardness too high for machin- 
ing. Some of these parts of high hardness 
may be sized after hardening by grinding, 
but there are some parts such as gears that 
do not lend themselves readily to grinding 
because of their shape, or because grinding 


removes a laver of metal of high surface 


hardness, expressly created by heat treat- 
ment. Distortion is particularly bad on 
ties of alloy steels are carefully used. This sub- these highly stressed parts, not only from the 
ject has had as much intensive study as any standpoint of imperfect functioning, which 
problem in production engineering, and I natu- causes undesirable noise, but it usually results 
rally have space here for only a brief statement in considerably increased stresses in the part 
of some of the more important metallurgical due to concentrating the loads on smaller areas. 
considerations, We find, therefore, that in all highly stressed 
j | In attempting to get durability in a gear of gears we must use steels that do not requir 
Le almost any type, the metallurgist is at the drastic quenching to harden, even in fairly 
| merey of the engineering and manufacturing heavy sections. 
a departments. Improperly shaped teeth with Transmission Gears are a notable example 
‘: inadequate fillets at the roots of the teeth will of the type of gear just discussed. It is quite 
nullify his best efforts to supply a durable gear general practice to make them of oil-hardening 
of long life. In the same way the manufacturing steels with either enough carbon to obtain 
F department, by using improperly shaped tools, strength without carburizing or with low carbon 
5 : causing sharp tool marks where the engineer in- strengthened by carburizing. High surface hard- 
tended to have fillets, can nullify all the good ness for wear resistance is required in all 
efforts of the engineering design. instances, and this is obtained either by a dip in 
| The wear resistance of file hard, carburized, evanide, or by heat treating in a_ controlled 
‘ plain carbon steel is just as good as that of the atmosphere which produces an intensely hard 
i alloy steels, so the necessity for using alloy steel laver at the surface the equivalent or slight) 
‘ for these parts in some cars is a matter of sup- better than evanide. 
2 plving strength to resist higher stresses. These Quite a number of different tvpes of alloy 
| stresses may in some instances arise from ex- steel are being used for transmission gears 
oh cessive loads and good design, or in other in- including nickel-molybdenum S.A.E. 4620, 461 
‘, stances from low loads and bad design (stress 140, and 4815, nickel-chromium 3145, chre 
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gear teeth, the carbu- 
rized material is at 
least 
than the uncarburized 


stronger 


alloy steel. 

Ring Gears Phe 
question of distortion 
is even more serious in 
rear axle ring gears 
and pinions, not alone 
because of stress con- 
centration but also be- 
cause of noise. So im- 
portant is this that it 
was the principal fac- 
tor responsible for the 
selection of S.A.E. 4615 
nickel - molybdenum 
steel by a number of 
companies. It has since 
been demonstrated 
that the method of 
manufacturing — the 
steel had as much to 
do with this behavior 
as the composition. 
Low distortion is ob- 
tained only when this 
direct 


mium-vanadium 6150, and chromium steels 5135 
and O145. If there were only one type of alloy 
steel with 040°, carbon, instead of four or five, 
each with a range of carbons, it is quite prob- 
able that all car makers could use it and get 
along just as well as they do at present. (For 
those who are using the highest cost steels, sav- 
ings are possible by slight engineering changes, 
should the lower cost steels be unsuccessful 
without such changes.) Gears made from the 
higher carbon type are heat treated to Rockwell 
(-92 to 55, and those that are carburized are 
hardened to C-58 to 60. At hardness in this 
range, particularly when the hardness exists 
fhroughout the part, it is extremely important 
to have as much ductility as possible to assist 
in stress redistribution at points of stress con- 
centration. This, as pointed out in the article 
last month, is an added reason why alloy steel 
is desirable. 

Those who use the carburizing grades of 
these steels do so because the loads are definitely 
higher than the 040° carbon varieties will en- 
dure. Under conditions of repeated loading and 
‘tress concentration, such as exist at the base of 


is quenched 
from the carburizing 
box; a reheat and quench will cause much 
greater change in dimension and shape. 

In answer to those who suppose that plain 
carbon steels can be used for all car parts, let us 
picture the result if carburized 1020 steel were 
used for ring gears and pinions. In the first 
place, the gear would have to be quenched in 
water or brine to get the teeth hard enough to 
resist wear. The resulting distortion would be 
excessive and would cause noise and localiza- 
tion of load, leading to early failure. Since re- 
cent designs of rear axle gears and mountings 
have resulted in improved tooth contacts during 
operation, it has been possible to reduce the size 
of these gears. Some of the reduction has been 
accounted for by taking advantage of the full 
strength of the alloy steel. If made in these re- 
vised designs it seems probable that a gear of 
plain carbon steel would experience early fail- 
ure, even if it could be hardened without distor- 
tion. Whether the fact that plain carbon steel 
carburized and fully hardened is weaker than 
similarly treated alloy steels is due to residual 
stresses in the plain carbon steel as a result of 


drastic quenching or whether it is inherently not 
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so strong, has not been determined — but the 
net result, practically, is the same. 

Rear Axle Shaft ~The amount of torque 
imposed on the rear axle shaft, the amount of 
bending (which is determined by the weight of 
the car), the size of the shaft and the location of 
the bearings, plus the amount of flexibility 
which the engineer considers permissible or de- 
sirable, determines what size the rear axle shaft 
is to be. This also determines what the stresses 
will be. The engineers responsible for the design 
of the various cars on which we have informa- 
tion would appear to have ideas that differ con- 
siderably as to the amount of flexibility per- 
missible or desirable because the hardness 
range is as low as 293 to 321 Brinell for some 
axle shafts and as high as 100 to 141 Brinell for 
others. The rest are somewhere between these 
two extremes. Another explanation for the 
variation in hardness or strength could start 
with the assumption that all shafts were to 
have the same amount of over-all flexibility but 
that the design of some of them involves greater 
stress concentration at certain places. 

In all probability, a combination of these 
two explanations for the different hardness in 
shafts is correct. Most of those in which the 
hardness is held below about 310 Brinell are 
machined after heat treating. Some shafts of 
higher hardness are machined after heat treat- 
ing and here is where we see one of the reasons 
for the selection of those steels that have better 
machinability at these high hardness ranges. 
They are more expensive and consequently the 
management must decide which course is to be 
pursued — (a) whether a cheaper steel will be 
machined before heat treatment (the latter con- 
ducted under controlled atmosphere) and with 
suitable operations to maintain or regain accu- 
racy of shape, or (b) whether a more expensive 
steel will be heat treated first and then accu- 
rately machined after heat treatment at some- 
what greater cost on account of the higher hard- 
ness to be machined. The same question is to 
be faced in the higher hardness range of 400 to 
144 Brinell, but here the decision has apparently 
been to machine before heat treating. There 
are some cases, however, where shafts even of 
this high hardness range are machined after 
heat treatment. To do this, it is necessary to use 
a still more expensive steel, namely one like 
nickel-chromium-molybdenum S.A.E. 4340 
which may be machined with reasonable speed 
at hardnesses even higher than ttt Brinell. 

The factors, then, determining the selection 


of steel for the rear axle shaft are (a) stress. (| 

size and (c) machinability. The stress and siz, 
determine the flexibility of the shaft. For two 
different sized cars, the stress might be exscthy 
the same in both shafts. Assuming that th, 
smaller shaft would harden satisfactorily w hep 
made of plain carbon steel, then the shaft fo, 
the larger car being larger might require a stee| 
with some alloy in it in order to obtain proper 
hardening. Another way of handling the shaft 
for the larger car might be to leave it the san. 
size as the smaller car, thus making the stresses 
higher. This would, of course, result in a shaft 
of greater flexibility, which might not be toler- 
able. But if it were, the shaft might then he 
made of plain carbon steel, heat treated to 
higher hardness and machined before heat treat- 
ing. The circumstances against this, however, 
are that water quenching would be required to 
harden the plain carbon steel and distortion 
would then be too difficult to control, and would 
veto hardening as a final operation. 

Faced with these possibilities, the metal- 
lurgist will probably, and usually does, select an 
alloy steel for the high hardness shaft so that his 
trouble with distortion and machining will b 
less. A steel that requires water quenching to 
harden fully will tend to distort more, and is 
not as well adapted for hard shafts which must 
be machined before heat treating. It is a for- 
tunate circumstance that steel containing 
enough alloy for oil quenching is more suitabl 
for heat treating after machining on account of 
its reduced tendency to distort. If a low alloy 
steel, such as the 1.75°¢ manganese steel T1530, 
were used for a shaft which required a high 
hardness, say around 400 Brinell, and the dis- 
tortion could satisfactorily controlled by 
some type of fixture or die quenching, then w« 
would have to pay especial attention to design- 
ing the shaft to have a minimum opportunity 
for stress concentration at any point. This ts 
because a water quenched steel given a low 
enough draw to produce a hardness around 400 
Brinell would undoubtedly contain some resid 
ual quenching stresses which would be local- 
ized at points where stress concentration under 
load would occur, and the result would be a 
premature failure. An attempt to diagnose th 
cause of failure by making physical tests on th 
broken part would probably leave the diagnos 
tician mystified, because such tests would !« 
likely to show strength and ductility equal 'n 
every respect to that of a successful material i 
the same part which had been oil quench: 
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e difference is that the latter is comparatively 
e from residual quenching strains. 

For those high hardness shafts which are 

whined before heat treating, the preferred 
ethod of heat treating is in a controlled at- 
iosphere of a kind that will not remove any 
arbon or form any scale at the surface of the 
shaft. Any decrease in carbon at the surface 
vill seriously impair the strength of the shaft; 
formation of scale usually also produces some 
pitting which causes stress concentration at the 
surface with consequent low factor of safety. 

Controlled atmospheres of the desired type 

may be prepared by burning natural gas or 
hydrocarbon fuels with an amount of air cal- 
culated to give a composition of combustion 
products suitable for the steel to be treated and 
the temperature of treatment. (This in itself 


Electrolytic Manganese 


Extracts from Annual Report, Jan. 1937, 
Metallurgical Division, U. S. Bureau of Mines 


RECOVERY of manganese from domestic ores 
presents a peculiar problem in that, although very 
large tonnages of manganese are available in vari- 
ous localities of this country, little of it is of sufli- 
ciently high grade to compete with imported ores. 
This is so because most of the 250,000 tons of 
manganese consumed annually goes into the steel 
industry in the form of ferromanganese which re- 
quires a rather high grade ore. 

The hydrometallurgy of many of the domestic 
ores has been developed rather thoroughly; how- 
ever, there is no satisfactory method for removing 
the manganese from solution. Electrolysis pre- 
sented itself as the logical method. Accordingly, 
the work was concentrated on the electrolysis of 
solutions containing manganese. Small scale pre- 
liminary experiments gradually indicated the proper 
method of attack. 

Manganese has a definite tendency to deposit on 
the cathode as nodular or tree-like growths. The 
unevenness causes pockets that are subject to oxida- 
tion, and though the deposit may appear to be com- 
pletely metallic it is possible that it will have a high 
oxide content. It was found, however, that suitable 
bright metallic manganese could be obtained on 
continuous electroiysis of a solution 4 normal in 
MnSO, and 2 normal in NH,Cl and in the presence 
ola small quantity of SO... Fifty grams of metallic 
inanganese that analwzed 99.715 Mn was obtained 
from such a solution upon continuous electrolysis 
lor 72 hr. at a current density of 48 amperes per sq. 
it. and an average current efliciency of 40°. It was 


is a large problem but, as noted, it has been 
successfully solved specific installations.) 
The combustion products are cooled to about 
jo F. to remove excess water vapor formed dur- 
ing combustion, and may have their composi- 
tion further adjusted by adding measured 
amounts of organic gases. 

The circumstances just discussed are the 
principal reasons why there are such a variety 
of steels used for axle shafts and why such a 
range of hardnesses exists. The steels being 
used for axle shafts are plain carbon S.A.E. 
1040, manganese T1330, chromium-molyb- 
denum 4140, nickel-chromium 3110 and carbon- 
molybdenum steel. In trucks we have nickel- 
chromium without and with molybdenum 
(S.A.E. 3240 and 4310) to provide the harden- 
ability required in shafts of heavier sections. 


found that (NH,), SO, could be substituted for the 
NH. Cl in molecular proportions with equal results 

A complete regenerative system for the electro- 
deposition of manganese was constructed. The 
electrolyte that contained MnSO, and (NH,), SO, 
was circulated from the catholyte to the anolyte to 
a mixing tank, where MnCQ., representing the raw 
material, was added, which reacted to neutralize the 
partly spent anolyte. The solution then passed to 
a settling tank and completed the evcle by flowing 
into the catholyte space. A wood separator from a 
storage battery was used as a diaphragm between 
the catholyte and the anolyte. Sheet lead was used 
for anodes and 40 sq. in. of sheet iron for a cathode. 

A 48-hr. deposition was made at a current 
density of 30 amperes per sq. ft. Deposition was 
interrupted and the cathode removed four times 
during the electrolysis. The interruptions doubtless 
added to the impurities in the deposit and were not 
beneficial to the texture of the manganese. 

The deposition resulted in cathodic manganese 
of 99.85 purity. The deposit was of dense struc- 
ture, satisfactorily adherent, and had a reasonably 
smooth surface. There was no evidence of treeing 
The over-all current efliciency was 54°, and the 
current efficiency during the final 942 hr. was 64 
Power consumption was equivalent to 4.1 kw-hi 
per Ib. of manganese. 

Manganese ore samples were then obtained 
from various localities. A larger regenerative elec- 
trolytic system was designed and constructed, to- 
gether with a small improvised leaching system 
The electrolysis set-up was similar to that of the 
smaller unit just described. At present satisfactory 
deposits of 99.8 Mn have been obtained on cath- 
odes about 1 ft. square, from solutions leached from 


ores such as those of the Las Vegas district. 
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RENSSELAER HAS 


A NEW COURSE 


IN METALLURGY 


Baws ARTICLE is written in re- 
sponse to an invitation by the Editor and is 
something of a commentary on the leading edi- 
torial (page 253), although mixed in with it is 
more or less propaganda. While we may object 
to propaganda on the part of others, it seems 
that all of us still have a lot of it to do to inter- 
est high school boys in a metallurgical career 
and fill the needs of industry. — The Editor. 

Four vears ago, Rensselaer Polytechnic In- 
stitute set up a new curriculum in metallurgical 
engineering. The compelling reasons were vari- 
ous. In the first place, there had been in previ- 
ous vears many entrance applications from 
prospective students interested in metallurgy. 
More compelling, however, was the fact that 
more than one-quarter of the senior chemical 
engineers took metallurgical subjects for their 
theses for graduation and an even larger num- 
ber entered metallurgical plants after gradua- 
tion from Rensselaer. 

Our experience in this respect was not 
unique. It was generally known that the metal- 
lurgical plants and laboratories were recruiting 
their staffs from mechanical and chemical en- 
gineers. It was very evident that the field of 
the engineer in metallurgical industry was far 
from saturated with trained men. 

A course following the lines of chemical 
engineering, with major emphasis on metal- 


By Matthew A. Hunter 


Head, Dept. of Metallurgical Eng 
Rensselaer Polytechnic Institute 


Troy, New York 


lurgy, seemed then to fit into the general engi- 
neering background of the Institute. This course 
in Metallurgical Engineering, therefore was es- 
tablished in June, 1933. It was also clear that a 
new Department of Metallurgical Engineering 
with better facilities in staff and laboratory 
could offer stronger courses in metallurgy to the 
other engineering groups on the campus. 


New Laboratory Built 


From the standpoint of building and equip- 
ment, we are very fortunate. The new Ricketts 
Laboratory (named in honor of our late presi- 
dent) was occupied in September, 1935. One- 
third of its available space is devoted to meta! 
lurgy. It stands equipped today as the mos! 
recent laboratory for undergraduate instructio! 
in metallurgical engineering. 

Its facilities include a metallurgical labora 
tory for the melting, fabricating and heat treat 
ing of metals and alloys and a metallograph 
laboratory for the examination of the metals so 
produced. These laboratories have adequat 
equipment for handling a group of fifty stu 
dents. The laboratories in physical metallurg: 
are well equipped for testing the physical, ele 
trical and mechanical properties. An X-ra) 
laboratory provides an opportunity in the newe! 
fields of radiography and electron diffraction. 
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Student Enrollment 


dur first experience in student enrollment 
rather disappointing to us. It did, how- 
_confirm our suspicion that the high school 
has litthe or no conception of what metal- 

». is and has no idea of the opportunities 

ch it offers as a profession. The class enter- 

» in 1933 numbered five men. Since that time 
we have done a great deal to make the high 


men is not inferior to the best in the other 
engineering groups. 

Much remains, however, to be done in di- 
recting the attention of the high school boy to 
the opportunities in metallurgy. The Ameri- 
can Society for Metals might well consider what 
part it can play in this development. The local 
chapters can do much to interest the teachers 
in their communities. Copies of Merar Progress 
distributed judiciously in the high school libra- 


Half of the New Ricketts Laboratory 1s Occupied by the Department of Metallurgy. The two upper floors 
are metallurgical laboratories. The third floor from the top, just above the trees, contains lecture and 
topic rooms used in common with chemical engineering and aeronautical engineering, whose laboratories 
occupy the three lower floors (one entirely below grade. since the ground slopes off steeply toward the rear) 


school boys in this region more metallurgically 
minded. We approached the councillors in the 
high schools who direct the activities of the boys, 
and sent them pertinent literature. Copies of 
the editorial in the December 1935 issue of 
ProGress entitled “Trained Metallurgists 
Needed” aroused considerable interest. A de- 
scriptive bulletin with pictures of boys at work 
in the metallurgical laboratory was widely cir- 
culated. 

The response has been a gratifying one. Our 
entering freshman class this vear numbered 20 
young men; total enrollment in all classes is 
how 90 men. The quality of the entering fresh- 


ries and reading rooms could not help but cata- 
lvze the interest of the boys. The well thumbed 
copies of technical magazines already in these 
reading rooms are striking evidence of their in- 
terest in technical things. 


Curriculum at Rensselaer 


In setting up the curriculum of study for 
metallurgical engineers we were helped mate- 
rially by the fact that in Rensselaer Polytechnic 
Institute we already had in existence the four 
allied engineering courses, well established in 


prestige. The Editor of Merat Progress has put 
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into words in this issue a statement of our orig- 
inal aims: 

“If a broad education as a metallurgical 
cngineer is desired, how else can it be achieved 
but by concentrating on the fundamentals of 
engineering (the sciences) and utilizing an 
increasing amount of time for free studies in 


metallurgy?” 


Metallurgical courses take up 40% of thy 
student’s time in his junior and senior yea; 
They are the accepted studies in’ productioy 


metallurgy, physical metallurgy electro. 
metallurgy and in their associated laboratories, 
taught, we hope, not as the technique of pres. 


ent practice. In them we are aiming at thy 


The first two vears of any engineer- 


ing curriculum, metallurgical or other, 


must be devoted to the fundamental 


{ Bald and Bare View of Students’ Room for Metal- 
lography. It gives a good idea of the interior con- 
struction of Ricketts Laboratory. all-steel work 
benches. cabinets, lockers. specimen cases and 


other furniture constructed to our special designs 


sciences of chemistry, physics, mathematics and 
languages (English and German). We also in- 
clude at Rensselaer an introduction to economic 
and industrial history to acquaint the embryonic 
engineer with present day civilization. 


In the two vears that are left in which “to 
utilize an increasing time for free studies in 


metallurgy.” we distribute the time as follows: 


Velallurgy 
Science and enginecring..... 1, 
Advanced Sctences 
Physical chemistry, thermo- 
Allied Engineering 
Mechanical, chemical, electrical 


Wto ll, 


and structural ............18% 
English 
Writing and speaking .. UP 


Business 
Economics, accounting, business 
administration 
Thesis Hto 10%, 


“why” rather than the “how” of metallurgical 
engineering. They are not “free or elective’ 
studies in the sense in which the Editor uses 
the term in his current editorial. As a rounded 
introduction to the subject of metallurgy, none 
of them should be dropped. 

Few would object to further studies of 18% 
in the advanced sciences related to metallurgy 
or to the time devoted to the written and spcken 
word or to the introduction to business. 

The Editor’s argument for free electives 
might be directed against the inclusion of 1S 
Perhaps this 


time should be turned over to the electives of 


devoted to allied engineering. 


which he speaks. In the time we devote to these 
subjects we never can hope to make the student 
proficient in any one of these allied branches of 
engineering. We can, however, acquaint him 
with the fields in which the metallurgical eng! 
neer has made, and is making, his greatest ¢ 
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on. We can, in addition, broaden his 

eering background in a way for which a 

| such as Rensselaer is peculiarly fitted. 

rom the viewpoint of the above facts, there 

s to me to be but litthe opportunity in the 

two vears of a college curriculum for the 

i use of electives. Such an opportunity 

s to the engineer in a fifth vear of studies 

vhich he proceeds to a master’s degree or to 

research metallurgist in subsequent vears 

en he is studying for a doctor's degree. Dur- 

s this period, electives are, as they should be, 
liberal and almost free. 

| make a distinction here between the 
“metallurgical engineer” and the “research sci- 
entist in metallurgy” which may need some 
elaboration. The former adapts our present 
knowledge to its industrial use; the latter is seek- 
ing new knowledge for future adaptation. The 
door between their respective offices is, however, 
never closed. Individual aptitude and attitude 
of mind determine for each individual the 
course that he should pursue. 

Qur experience in other fields of engineer- 
ing has been that perhaps ten per cent of our 
engineers find advantage in continuing their 
studies through a fifth vear to obtain a master’s 
degree and that a minor fraction of these have 
the capacity and desire to continue beyond that 
in independent research in the graduate school 
in the deeper scientific aspects of their respec- 
tive fields. I have no reason to believe that the 
situation will be any different in the graduate 
school of metallurgy at Rensselaer. 


! Hide Variety of Modern Melting and Heat Treating 
Furnaces, Together With Representative Control {ppa- 
ratus and a Full Assortment of Measuring and Testing 
Devices Occupy the Top Floor of Ricketts Laboratory 


PROBLEMS IN 
NON-FERROUS WELDING 
By H. W.G. Hignett 


fhstract from The Metal Industry (London). Jan. 22. 
1937. (Paper for Institute of Welding 


WELDING PROBLEMS may be divided into th: 
following headings: (a) Economic, (bb) engi- 
neering, (c) metallurgical and (d) psycholog- 
ical, realizing, of course, their interrelationship. 
For instance, two problems recently solved may 
be classed as both (a) and (c). First there is 
the development of deoxidized copper, without 
which many important applications of — this 
metal would be impossible: and, secondly, there 
is the production of nickel with a balanced con- 
tent of magnesium, sulphur and silicon. More- 
over, some of the new alloys, such as Everdur, 
have welding properties which are too good to 
be entirely accidental. Apart from these exam- 
ples, however, there does not seem to have been 
a concerted effort, on the part of English pro- 
ducers and fabricators, to modify existing 
materials or evolve new alloys so as to make 
welding cheaper and easier. 


Naturally, a standard evaluation of “weld- 
ability” is necessary; Professor Portevin has in- 
dicated how this may be achieved (see Merar 
Procress, November 1933) by the product of two 
coeflicients © and H, where © is a function of the 
soundness of a joint produced by an accepted 
welding technique, and // is determined by the 
degree of uniformity of the useful properties 
across the joint. One can even now draw at 
tention to some of the more obvious factors 
entering this problem. The ideal material for 
welding purposes should have a low thermal 
and electrical conductivity combined with free- 
dom from hot shortness, and, when molten. 
should not dissolve large quantities of reducing 
gases nor form oxides diflicult to flux, 
Commercially, the attainment of this ideal 
will be facilitated by the raw materials of high 
purity now available. For example, aluminum, 
zine and copper over 99.9. fine are now read 
available. Not only do these very” pure 
metals exhibit to the welder unusual features, 
such as a fondness for grain growth, but they 


also provide the opportunity for determining 
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the exact effects of the constituents usually oc- 
curring as impurities, and might also explain 
the remarkable differences in weldability which 
sometimes appear between two samples of al- 
most identical composition. 

We know that the grain size of an annealed 
metal or alloy depends, for a given Composition, 
upon the degree of cold work it has received 
prior to annealing, and the temperature of the 
anneal. Advantage is taken of this fact in the 
German Waulstnaht, in which the edges of the 
plates are cold formed before welding. We also 
know that certain elements, in quite small pro- 
portions, have a profound effect upon the inher- 
ent grain size of many metals (for instance, 
titanium in aluminum). It should, therefore, 
be possible for the welder to be supplied with 
materials much less subject to grain growth. 

Recent work in connection with founding 
has shown the importance of viscosity and sur- 
face tension in determining the “flow-abilitw” 
of molten metal, and has emphasized the ef- 
fects of oxide films and undissolved impurities. 
Application of the results to welding would ex- 
plain, for instance, why the underside of a 
fusion weld in copper differs so markedly from 
that of a similar weld made with the same 
flux in aluminum bronze, and might explain 
many puzzling differences in the mode of trans- 
fer of different metals in the welding are. For 
example, the order of merit in which a skilled 
welder places welding generators differs accord- 
ing to the material he has to weld; this does not 
appear to be a matter of fad or faney, and is 
not explained by the usual interpretation of the 
electrical characteristics. 

The gases dissolved by the metal during 
welding and already present in parent metal or 
filler rod, also play a part in determining the 
properties of the finished weld. The importance 
of this point is not known. It is rarely possible 
to say with certainty that the gas present before 
welding has caused the unsoundness of a given 
weld, but one often suspects it to be a probable 
factor, It is an obvious requirement that test 
welds be prepared in all weldable materials on 
full sized samples, prepared so as to be as free 
from gas as possible. Until we know the prop- 
erties of such welds, we do not know how to 
assess our normal results. 

Quite small variations in the freezing range 
of an alloy have appreciable effects on its be- 
havior during solidification. One effect of in- 
creasing the freezing range of weld metal is to 
provide greater opportunity for the expulsion of 


dissolved gas. Im the case of copper, for ex. 
ample, the addition of silver to the welding rod 
achieves this object. Again, increased fre: ng 
range gives rise to shrinkage cavities in resist- 
ance spot or seam welds. 

The freezing range of the parent meta 
or, rather, its melting range —— is sometimes to 
blame for cases of cracking in materials that ar 
not hot-short in the usual sense of the term 
Even aluminum is subject at times to mysterious 
cracking troubles, and, in one instance, a partic- 
ular consignment exhibited this fault. Another 
consignment of almost the same chemical com- 
position and physical properties gave perfect 
results. Even very carefully conducted tensile 
tests at elevated temperatures showed both ma- 
terials to be of excellent quality and to possess 
no range of hot-shortness. Eventually, the sim- 
ple apparatus shown in the sketch was con- 
structed to bend, at high temperature, three 
samples at once and under exactly the same 
conditions, and showed immediately that ther 


S/ots in both members to ho/d test strips 


Fixture of Thin 18-8 Plate for Bending Three Test 
Strips Simultaneously While Stull in the Furnace 


was a distinct difference in the ductility at 
temperatures very near the melting point. 
With irritating monotony appear the ex- 
hortations, “an exactly neutral flame must lx 
used” and “use a slight excess of acetylene.” 
The cheapness of mild steel and its amazing 
capacity for punishment account for the de- 
velopment in England of blowpipes and regu- 
lators with which it is extremely diflicult to obes 
either exhortation consistently. IT have in mind 
a seam made in thin copper plate, with abso- 
lutely no adjustment of equipment during the 
job, vet the beginning of the seam showed tly 
unmistakable evidence of excess acetylene (so- 
lution of gas and incomplete expulsion on coo!- 
ing) and the end of the seam was clearly made 
with an oxidizing flame! It is obvious that 
equipment which varies so much with its own 
temperature is not right for high-quality weldi: 


Qo? 
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iS AVIATION 


READY FOR 


STAINLESS? 


I; IS a strange commentary on 
the several informative articles in the January 
issue Of Merat ProGress that one can build as 
lightly and at the same time as strongly in wood, 
the aluminum alloys or in high tensile steel. The 
physical properties of each balance out against 
their respective weights. They differ primarily 
in their bulk and this determines the technique 
of application. At one time there was a strong 
sentiment against duralumin because it could 
not be shaped so as to compete with spruce. 
Even now that same feeling militates against the 
use of high tensile steel. Of course, duralumin 
had to be adapted to structural requirement and 
this task became simplified as planes and 
stresses became larger. So, also, must high ten- 
sile steel be adapted and, again, so does such 
adaptation become easier as airplanes assume 
greater size and are more heavily loaded. Fur- 
thermore, with the increased investment and a 
higher life expectancy in service operations, the 
utility of a high tensile, corrosion resisting steel 
becomes more obvious. It seems, therefore, 
timely to review the subject again. 

As said, the weight-strength relations of 
spruce, duralumin and high tensile steel seem 
to be about equal. This, of course, refers to the 
commonly determined physical properties, and 
these are standard in the laboratory, and are of 
interest in so far as they may be interpreted 


By E. a W. Ragsdale 
Chief Engineer, Stainless Stee! Dept 
Edward G. Budd Mfg. Co. 
Philadelphia 


into structural strength. Their significance les- 
sens Whenever an application makes it imprac- 
tical to develop these qualities fully in a com- 
plete structure. This may come about through 
structural instability (such as obtained in try- 
ing to stand a piece of paper on edge) or 
through an uncertain means of attachment, such 
as nailing two boards together. Ingenuity of 
design can overcome the first, but the matter of 
attachment may be inherent to the material, 

For instance, wooden structures are assem- 
bled by mortising, gluing, bolting and the use 
of metai brackets. None of these inspire con- 
fidence in members stressed near their safe 
limit. 

Duralumin is assembled by the time hon- 
ored method of riveting. Riveting has much to 
recommend it, especially in dependability, but 
the rivet hole still remains a source of weakness 
in the members joined. A joint efliciency of 
80’. is difficult to better in a single-lap connec- 
tion of any material. Rivet heads are also an 
encumbrance, being annoving acrodyvnamically 
and in structural clearances as well. Recently a 
considerable progress has been made in the art 
of spot welding aluminum alloys. Perhaps the 
first objection to this will be the large capacity 
required for the welder and the consequent limi- 
tation in its use. This is inherent to the metal, 


for spot welding is resistance welding and the 
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aluminum alloys have little electrical resistance, 
in fact making first class electrical conductors. 
More happy in this respect is 18-8 stainless 
steel Its resistance is seven to eight times 
vreater than that of mild steel. This and other 
properties have helped in the development of 
the “shotweld™ system; which system, in turn, 
permits a structural assembly of stainless stecl 
with joint efliciencies as high as Q&8*,. 
Granted, then, a high efliciency of attach- 
ment of 18-8, the problem remains to design 
structural members that will develop the full 
strength of the material. Tensile stresses are 
easy to handle; the difficulty lies in members 
intended for compression or shear. These 
beams and struts tend to become complex mem- 
bers, just as do those of aluminum alloys when 
compared to corresponding wooden members. 
Fortunately, however, the “shotweld” system 
permits a ready, effective and cheap fabrication 
method in stainless steel, so that complexity 


HW hen Stainless Steel Permits Gage Reductions of Krom One- 
Third to One-Tenth Those Used in Mild Steel. a New Type 
Structure Becomes Necessary. The one illustrated is an in- 
stance. It is novel to railroad practice and is the result of 
analysis. design and calculation by aircraft engineers. using 


aircraft methods and adapting these to railroad requirements 


Vetal Progress: 


need not be a matter of any very grave conce: 

Chief concern relates to design. The thi 
ner the metal, the greater must be the ingenui 
applied in its use. But there is no longer a: 
great secret about how to proceed in order to 
compensate for thinness. It is all a question of 
unsupported surfaces. A thin piece of paps 
for instance, will lie flat on an egg crate whereas 
a thick blotter of the same area may not even 
support its own weight when held at its ends 
There is also the further example of making the 
piece of paper stand on edge by creasing it. This 
creasing can be continued until the paper wil! 
actually carry a super-imposed load. 

But, simple as may be the expedient, its rx 
duction to practice involves a thorough researc), 
and the testing of every sample structure. The 
prospect of any such program is apt to ly 
frightening, especially to commercial aircraft 
companies whose research has already been so 
disproportionate to their business. Further- 

more, any research in a new field becomes 

expensive and even futile unless it is in 
spired by enthusiasm and is certain of man- 
agerial support. Stainless steel has had two 
active developments by enthusiasts. It has 
had half a dozen or more attempted de- 
velopments by concerns which were either 
not in a position to complete the programs, 
or did not carry them to a commercial con 
clusion. Actually, the amount of work done 
and the information already available offe: 
a surprisingly well developed background 
certainly a sufficient one to encourage belie! 
that the construction of modern airplanes in 
stainless steel is today not only feasible but 
strongly indicated. 

In this connection it is well to remembe: 
that structural materials are not changed for 
mere whim nor to accommodate the ideas of 
some enthusiast. There must be some de- 
monstrable and definite reason for a substi 
tution of one substance for another. This, 
there was good reason for going from wood 
to all-metal; the material change actually 
followed a change of commercial conditions 
At first, the foremost consideration of air- 
craft was flight, let the cost and other con 
siderations be what they may. Next cam 
production, and with it many radical im- 
provements in design. In this phase of the 
development a long serviceable life was not 
a consideration, for obsolescence preceded 
wear-out. Now we approach stability, both 
of type and of production. A long useful lift 
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“The Pioneer,” the First Stainless Steel, Welded Airplane. Built in 1931 and patterned 
after an all-wood Savoia-Marchetti, it showed greater capacity and better performance 


is one item; a lowered cost is the other. Stain- 
less steel seems to favor both. Its resistance to 
corrosion is important to the one and the newly 
developed technique of application is determin- 
ing in the other. 

Granting this, the argument usually degen- 
erates from one of basic principle to a minutae 
of methods or selective experience. Methods 
imply special structural designs and the use of 
welding instead of rivets; experience indicates 
that stainless steel is corrosion resistant in spite 
of certain incidents where this fact is seemingly 
contradicted. After these matters are disposed 
of, the argument boils down to a matter of per- 
sonal urge for or against the metal. Under this 
influence, facts and figures are apt to assume 
different significance. The fact may be accepted 
and the explanation neglected. 


Commercial Trends Influence Use 


If, therefore, stainless steel is to find a wider 
application in aircraft, it will come through an 
urge to use it. Urge is usually a managerial 
function and management responds to trends 
rather than to technical discussion. The definite 
lrends today are commercial; they involve 
iaintenance and cost of production. Stainless 
steel will find its appeal, therefore, through 

1. Its inherent resistance to corrosion; its 
inherent stability. 


2. A lower metal cost; being 30¢ a pound 
against from 35 to 60¢ for duralumin or 
Alelad. 

3. Welding as against riveting: both effi- 
ciency and cost favor welding “au recog- 
nized method of mass production 

ft. The fact that welding permits use of un- 
skilled labor. 

». Stainless is tabricated as it comes trom 
the mill; no heat treatment is required in 
the fabricator’s shop. 

6. An alternative source of supply for an 
essential industry, essential both in peace 
and war. 

All of these items are commercial, and so 
they should be. Aviation is no longer a dis- 
covery nor a pioneering movement —it is a 
business. If that business calls for a new ma- 
terial, that material will be weighed in the 
commercial as well as in the technical scales. 
Fortunately, both measures have been taken 
true, not in aviation, but nevertheless in light- 
weight construction. The Budd company alone 
has fabricated over three million pounds of 18-8 
into engineered structures. It has established 
not only the structural worth of the material, 
but has further demonstrated an economic util- 
itv in a field where competition has been with 
mild steel, a metal costing one tenth that of 
stainless rather than being substantially cheaper, 
as it is with respect to the light alloys. 
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By William P. Woodside 
Vice-President 
Climax Molybdenum Co. of Michigan 
Detroit, Michigan 
National Treasurer @ 


A S ONE approaches a severely 
simple building with graystone facade and 
stainless steel cornice, set behind a smooth 
green lawn, a refreshing sight in an industrial 
region, and reads “Climax Molybdenum Com- 
pany of Michigan” in large bronze letters set 
on a background of stainless steel, he instine- 
tively feels that here is a modern institution 
for the solution of today’s and tomorrow’s in- 
dustrial problems. Its builders have attempted 
to do just that, having had clearly in mind the 
enormous development of molybdenum as an 
alloying element which has occurred in the last 
two decades, and the chronic overcrowding of 
the old laboratory facilities. It was designed 
by Clair W. Ditchy, who harmonized number- 
less suggestions from all members of our or- 
ganization, especially utilizing information 
gathered by Woodside, Herzig and Parke on an 
extended tour among metallurgical research 
laboratories as well as university laboratories. 

The visitor might well pass quickly through 
the building to the furnace room at the rear, 
where most of the projects get under way, once 
they are organized in the front office. It is ap- 
proximately 60x85 ft. in area, and has high 
clearance to the bottom chord of roof trusses. 
Glass is extensively used in walls otherwise 
tiled. The room is heated independently, by 
recirculated air, with fin-type heaters properly 


A RESEARCH 


LABORATORY 


FOR METALS 


placed here and there; thus the air conditioning 
plant for the rest of the building is not over- 
taxed either with furnace smoke in the winter or 
with surplus heat in the summer. 

Experimenting equipment installed in this 
room is designed to make any alloy in quantity 
from one pound up to 500 per heat. Very small 
melts are made in an Ajax-Northrup induction 
furnace (high frequency) holding a crucible 6 
in. diameter by 11 in. high. Medium sized melts, 
up to 80 Ib., are made in a Detroit rocking-type 
are furnace, 12 in. by 15 in. internal dimensions, 
lined with alundum. A tilting furnace of the 
Lectromelt direct arc type is available for melts 
of 500 Ib.; it has bottom banks of silica and the 
electrodes are 3 in. graphite, with automatic 
control. 

All these furnaces are grouped so_ that 
electrical transformers can be housed in a room 
alongside, control equipment convenient!) 
erected, and ingots poured on a sand bed for 
small sizes and in a pit with sand bottom for 
larger sizes. This is a safety measure in case 0! 
over-pour or spill. Ingot molds in sizes from 
11,x6 in. to 814x814x30 in. are available — all 
of the split type held together by rings and 
wedges. 

Ingots are reheated in two Standard Fue! 
and Engineering Co.’s gas fired furnaces, s'7¢ 
18x60 in., and are then forged down to bars of 
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Clair WU. Ditch 


irchitect 


himer C. Forbes 


Landscapina 


correct size for the project with a Chambersburg 
open frame air hammer. 

Heat treating equipment is also located in 
this room. The following furnaces heated elec- 
trically are used: One Hoskins type FH-201, one 
Hoskins tvpe FR-207, one Hayes type LR-50S 
and one Haves type HG-32. Each of the heat 
treating furnaces may be controlled by hand or 
by automatic equipment; all have indicating 
pyrometers mounted alongside, but the record- 
ing pyrometers are located at a distance in the 
physical testing room adjacent to the office of 
the metallurgist in charge. 

It will be apparent that the facilities are 
well designed for a research into a new alloy or 
family of alloys. After the project is outlined 
and approved, a rapid survey of a number of 
alloys can be made in the small induction fur- 
nace. After the region of probable success is 
located, larger heats within these limits may be 
made in the Detroit rocker furnace if it is gray 
iron. If it is steel the expectancies in tonnage 
production of a selected analysis may be ap- 
praised by 500-Ib. heats in the are furnace. 


Translating the Findings Into Practice 


To many minds it may appear diflicult, if 
not impossible, to project such small scale work 
forward and predict results in a steel plant 
working up charges anywhere from 20 to 200 
limes as large. In some ways laboratory melting 
is under better control than in large furnaces; 
'o counterbalance this, unavoidable irregulari- 
lies creep into the work on small lots between 
ingot pit and finished bar. In our experience, 
‘hese tend to balance. In other words, several 


vears of operations have shown us that the steel 
plant can make in tonnage production metal at 
least as good as we can make in the laboratory. 
Our results are therefore usually regarded as the 
average expectancies for a newly developed 


alloy. 


We also have another guidance for our 


work on new steels which do not vary greatly in 
physical constitution or chemical composition 
from older ones already in tonnage production: 
In this event we run companion heats, one on 
the new alloy, one on the old. By comparing the 
laboratory findings on the latter with the phys- 
ical properties known to characterize the same 
alloy produced commercially, we are able to 
evaluate the laboratory work on the new an- 
alvsis under investigation, 

In all this we are aided by skilled personne! 
in the persons of two key men in the furnace 
room. One is an experienced melter, the other 
is an old forge man. Both know the rule-of- 
thumb and tricks of their trade, but also (and 
very important) both know that these are to be 
subsidiary to any special instructions which 
must rigidly be followed in any set of experi- 
ments, A forge man who would fudge a reheat- 
ing temperature, for instance, because he 
“knew” it would burn the steel would be hope- 
less in such a job. 

The next most extensive area in the new 
laboratory is occupied by the experimental de- 
partment. It is 42x45 ft. in area; two walls (one 
an outside wall, another separating the furnace 
room) are masonry and are tiled. The other 
two separate the experimental department from 
chemical laboratories and offices. The latter 
partitions are of steel, ingeniously assembled 
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into a very handsome finish. Much use is made 
of large areas of plate glass in the walls through- 
out all these rooms, not only improving the 
lighting but also lending spaciousness to the 
quarters. The offices have the outside walls 
(masonry) finished with steel clear to the ceil- 
ing. thus harmonizing exactly with the interior 
partitions, 

The entire building, except furnace room, 
is completely air conditioned. Equipment for 
this is erected in a penthouse above the experi- 
mental department; air is introduced into the 
various rooms through ceiling fixtures (combi- 
nation lighting and ventilating fixtures) and 
Withdrawn through grilles let into the toeboards 
of side walls and partitions. 

Considerable area is available in the ex- 
perimental room for new or special equipment 
as future needs arise. At present we have ample 
for machining test specimens of all kinds, and 
making the more or less standardized physical 
tests — tension, torsion, impact, hardness, fa- 
tigue. A modern metallurgical microscope is 
mounted in a room of its own, adjacent to a 
polishing room and a dark room for developing 
photomicrographs. One important matter 
storage of samples of all alloys made and stud- 
ied — is taken care of in a room 7x16 ft. in area, 

Chemical laboratories, two in number, are 
located to the north of this physical laboratory. 
One is about 1Ixl6 ft. and the other 16x32 ft. 
Both are adequately lighted on all sides through 
large areas of glass. At present the work in 
these laboratories is functionalized, the individ- 
ual ones being devoted to quantitative analysis, 
corrosion tests and to organic synthesis of colors 
and dye stuffs. 

Steel furniture, cabinets, work tables and 
hoods, together with special analytical and test 
equipment have been installed for the above 
purposes. However, the construction of all of 
this department, being of sectionalized steel, 
even to the partitions, is adaptable to any 
change that future developments may require. 

Offices for the principal research metallur- 
gists as well as for the sales organization of the 
Climax Molybdenum Co. of Michigan, complete 
the layout. A room is provided for a working 
library and a record room for completed re- 
search projects. In view of the proximity to 
such important libraries as the University of 
Michigan’s at Ann Arbor and Detroit Public 
Library, it is unnecessary to build up compre- 
hensive shelves of metallurgical books, except 
on our own specialty. 


METALS FOR LARGE 
STEAM TURBINES 


VAN ANNUAL REVIEW of the 1936 develop. 

ments in central station steam turbines, 
Ek. KR. Kauffman of the turbine division, South 
Philadelphia plant of Westinghouse Electri: 
& Mfg. Co. notes that increased activity in thy 
capital goods industries at last enables on 
to discern a trend in the type of turbines de- 
sired, toward units of moderate size and high 
inlet temperatures of 900° to 950° F. In My 
Kauffman’s words: 

It is believed advisable to limit this tempera- 
ture to 950° F. maximum, including swings, unti! 
some practical operating experience is obtained 
before going further. By using inlet temperatures 
of this order in condensing cycles and limiting 
the moisture content in the exhaust to 12, thes 
turbines can utilize economically pressures up 
1200 psi. without reheating. 

Construction of efficient turbines has involved 
much special development by design engineers and 
metallurgists on problems surrounding the increas: 
in inlet steam temperature. In turbine construc 
tion, the clearances between stationary and rotating 
parts are necessarily relatively small, and the creep 
of metals, that is, the rate of change of deforma- 
tion, is of such value at the temperatures now 
encountered that it becomes a major factor in 
design. It is no longer merely a matter of design- 
ing parts to prevent failure, but they must lx 
proportioned to insure the maintenance of dimen 
sions within the desired limits throughout th 
life of the machine, even under the influence o! 
creep at high temperature. 

Accurate data on the creep characteristics o! 
metals have not been available in the past and can- 
not be obtained except by long time tests. The 
subject has received a great amount of study and 
not until quite recently have sufficient data been 
available from which reliable conclusions can lb 
reached. 

Some of the most outstanding facts determined 
by these studies and which may give a better under- 
standing of the problems confronting the design 
engineers are summarized below. 

1. A characteristic feature of most available 
materials for temperatures below 1000° F. is that 
the creep progresses very rapidly at first and then 
more slowly. From this it is concluded that th 
material changes its properties in a fundamen! 
manner with the passage of time and a test resu'! 
(Continued on page 324) 
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THE RELATIVE 


WEAR OF SOME 


HARD METALS 


_ ARE NOW several hard 
alloys on the market that are being used in 
evlinder liners for engines and pumps, as well 
as in many other applications. The wear resist- 
ance of these materials is one of their most im- 
portant properties. This paper presents. the 
results of an investigation of sliding wear re- 
sistance of some hard alloys, made in studies at 
the testing materials laboratory of the Mechan- 
ical Engineering Dept. at California Institute of 
lechnology. 

Relative wear resistance of materials can be 
determined in the laboratory on a suitable wear 
testing machine which simulates the conditions 
to which the material is subjected in practice, 
and in this research a comparison of various 
has actually been 


hard metals 


By Robert B. Freeman 
Teaching Fellow in Mechanical Engineering 
California Institute of Technology 


Pasadena, California 


be investigated, and a machine was designed so 
that this could be done. 

Distillate 
of its low lubricating properties and its probable 


was used in these tests because 
similarity to actual conditions when metal-to- 
metal contact occurs in operation. It served to 
cool and maintain the test parts at a moderate 
temperature and in addition served the impor- 
tant function of washing away any abraded ma- 
terial. The specimens sketched below were 
designed so that a constant area was maintained 
throughout the test, thus giving a constant pres- 
sure. Also, they were small in order to be 
weighed accurately. 

A general view of the machine is shown in 
the photograph on page 283. At the lower left 


may be seen faintly a belt from 


made in tests in which they have 
subjected to pure sliding 
friction in a bath of petroleum 
distillate. We desired to find the 
relative hard 


bye 


wear resistance of 


illoy materials in evlinder liners 


diesel motors and gasoline 


ines; therefore it was felt that 


; 


i test in which wear was accom- 


/ Rotating 


/ RING 


motor to pulley at the outboard 


ron end of a 2-in. steel shaft. This 
ot shaft rests on four wide-flanged 
disks, two at either end (the two 
\ at the near end being visible in the 
} } photograph), and these disks act as 
roller bearings for the rotating 
. shaft. A revolution counter is seen 
P==9 above the shaft between pulley and 
rollers. 


pushed by pure sliding contact 
uld be superior to any other. 


‘oO these tests should be such that 
combination of materials could 


Ring and Specimen in the 
Position Assumed in Test 


Near mid-length of this shaft 
are keved two wearing rings of 


some desired metal or alloy to 
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be studied. These are 's in. wide and 2, in. 
outside diameter, and are held firmly in place 
about 2 in. apart by locking rings. While these 
rings were carefully made and ground to size 
of one of the materials under study, no attempt 
was made to determine their weight losses after 
a test. The weighed specimens ride on these 
rings as shown in the 


line drawing, and are 


The wear of the small specimen was d: (er. 
mined by its loss of weight after the run. he 
specimens were washed in alcohol before ¢ ch 
weighing to remove any foreign matter. 
specimens were given a first period of “wearing 
in” and were thereafter weighed before and af. 
ter each run. The wear on the rings was jo! 


HW ear Test Data A cquired 


small blocks having a 


cross-sectional area x Load 
in. The surface of 
contact on the specimen .C.lon ACL | 300 
is ground to the same 300 
radius as the ring on 
300 
which it wears, the axis 
of curvature being par- W.C.Lon W.G.L. 400 
allel to the short) side 100 
, T 300 
of the specimen, Two 
specimens are mounted 
in a special holder Noon N, 300 
which in turn is bolted 
to the cast iron housing 
shown in the photograph 
of the testing machine. on N, 300 
This housing straddles 
the shaft, and the entire C-H.S. on C-H.S. | 300 
load is carried by the 
curved surfaces of the C-H.S. on ACA, 
wo test blocks, : 
two test blocks, through ACL on C-H.S. 300 
the rings on the rotating 
shaft, to the machine 
frame. Unit load be- 
tween rubbing surfaces 200) 
is then adjustable by H.st.on 300 
counterweights anda A.C.1 on Hist. si) 
lever system attached to 
the housing; an arrange- W.C.L. on ACL 100 
ment of sectors also A. on 300 
ong. 300 
prevents rotational Eng. on 


Speed Wear Condition Conditio: 
ft./min. Factor of Specimen of Ring 
393 1.4 Very smooth Very smooth 
786 0.2 Very slightly Smooth 
galled 
1180 1.6 Galled Slightly galled 
393 0.2 Smooth Smooth 
786 2.6 Ridged Ridged 
1180 O.5 Slightly ridged Slightly 
ridged 
786 3.4 Very smooth Very slightly 
galled 
786 0.6 Slightly ridged Very smooth 
& galled & slightly 
ridged 
786 0.2 Very slightly Slightly ridged 
ridged and galled 
786 34.0 Slightly ridged Slightly ridged 
& galled & galled 
786 0.05 Very, very Very slightly 
smooth ridged 
786 1.1 Smooth Very slightly 
ridged & 
very, very 
slightly galled 
786 15.5 Ridged Ridged 
786 1.0 Badly galled Ridged 
786 1.7 Very, very slightly Smooth 
galled 
786 0.1 Smooth Smooth 
1180 0.7 Badly galled Ridged 
786 1.5 Slightly galled Smooth 


movement, or shifting in 
any wavy except verti- 
cally as the supporting surface may rub away. 

The holder for the two specimens is itself 
interesting. Each specimen is firmly gripped 
sidewise by water-cooled vise jaws of copper. 
These vises are attached to a strong bar of steel, 
hollow for water cooling when necessary. Me- 
chanically a high degree of precision is neces- 
sary in order that the wear blocks may rest ex- 
actly on the ring, and set screw adjustment of 
each specimen and slides in the three main di- 
rections are provided. Pipe and hose connec- 
tions to water and lubricant supply complete 
the equipment. 


measured, but the surface condition was closel) 
observed. 

The wear at any given load and speed ce- 
pends upon the contact surface area and tl 
length of the surface passed over. Therefore. 
the results of these tests were determined }) 
dividing the loss of weight experienced by thy 
specimen during the run by the projected arce 
of contact and the length of travel. (The pro- 
jected area of contact is the area of the spec! 
men’s cross-section.) The unit wear value thus 
obtained is expressed in grams per square inc! 
per foot. To simplify the presentation of resu''s, 
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erm “wear factor” has been 
ted which is equal to 10° 
s the loss in weight expressed 
uns per square inch per foot. 
higher the wear factor, the 
er will be the rate of wear of 
the given material. 

Six materials were tested: 
Ifavnes stellite (noted as H.st. in 
the table) an alloy principally of 
iit, chromium and tungsten; 
nitrided nitralloy (N.) a chromi- 
uin-aluminum-molvbdenum steel; 

casehardened steel (C-HL.S.) of 
unknown chemical composition; 
white cast iron (W.C.L.) contain- 
ing 3.25% C, Si, Mn 


ci 


and 0.10% P; an engine block 
casting (Eng.) containing 3.38', 


2.16%) Si, 0.655) Mn, P, 
1.10% Ni, OAD Cr and O.A0% Mo; 
and an alloy cast iron (A.C.L.) 


General View of Wear Testing Machine. Specimens held inside 
cast iron housing ride on rings keved to rotating horizontal shaft 


containing C, 1.00% Si, 

O80". boron, and 4.50% Ni. 
Results of tests on these materials in vari- 

ous combinations are shown in the adjoining 


table at left. 
When considering the wear of two dissimi- 


Relative ear Resistance 


PRESSURE: 300 Psi.; SPEED: 786 FT. PER MIN. 


Combination Surface Conditions 
Factor 
A.C.1. on A.CLL. 0.20 100 Very slight galling 
A.C.1. on N, 0.40 50 \.C.1. shows slight 
ridging and N. 
shows slight ridg- 
ing and galling 
A.C.1L. on C-H.S., 0.58 35 Both very slightly 
ridged 
\.C.1. on Eng, 25 A.C.1. shows smooth 
surface and Eng. 
shows slight galling 
on Hust. 1.4 14 A.C.l. shows ridging 
and Stellite shows 
galling 
| 
Wt wil. 2.6 8 Ridging 
N. 3.4 6 Very slight galling 
n C-H.S.| 34. 0.0.6 | Slight ridging and 
galling 
H.st. 418. 0.4 Ridging 


lar metals against each other, the wear of each 
must be taken into account. The tests as they 
were conducted in this investigation do not al- 
low a direct evaluation of the wear resistance of 
a combination, but give only a value of the wear 
resistance of each material rubbing upon the 
other member of the combination. In the see- 
ond table, therefore, the wear factor for the 
combination of materials at one speed and pres- 
sure has been computed by taking the average 
of the individual values for the two materials 
rubbing together. 

During these tests, three different types of 
surface conditions were observed. Specimens 
were cither smooth, ridged, or galled after test. 
The smooth surfaces were mirror bright, the 
ridged surfaces were scored in the direction of 
wear, and the galled surfaces show that adhe- 
sion or cohesion of localized areas of the two 
mating materials had taken place. 

A metallographic investigation was made 
of the worn surfaces. Specimens were heavily 
plated with copper so that a section perpendicu- 
lar to the worn surface could be photographed 
without distortion to the very edge. The metal- 
lographic study showed that those surfaces 
which were smooth after test were accompanied 
by a microstructure which was not distorted. A 
tvpical view reproduced on page 284 shows the 
edge is clean cut and smooth even at high mag- 


nification. The ridged surfaces were also ac- 
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companied by a clean cut structure showing no 
distortion, If galling occurred, a layer of worked 
metal appeared, more or less cracked and pitted 
with sharp-edged cavities. 

further 
studies, it was found that in the case of white 


From metallographic and 
cast iron, this layer was composed of iron car- 
bide interspersed with small grains of pearlite 
showing evidence of severe working and distor- 
tion. The layer was also richer in iron carbide 
than the parent material. 


the process of wear, the softer pearlite grains 


Apparently, during 


had been squeezed from between the cementite 
If the pearlite reached the surface, it 
If it did 
not reach the surface of contact of the two wear- 


grains. 
was rubbed off by the mating surface. 


ing parts, it was trapped in the layer of worked 
carbide. 
about the same hardness as the carbide grains in 


This laver of hard carbide was of 


the parent metal. 

In summary, tests and apparatus have been 
described by which the relative sliding wear re- 
sistance of some hard alloys has been deter- 
mined. The surface conditions accompanying 
wear have been shown with photomicrographs 
of the worn edge. Both smooth and ridged sur- 
faces were accompanied by a structure which 
and smooth even under the 


was undistorted 


microscope. The galled surfaces were accom- 
panied by a worked layer of hard material, 
which, in the case of white cast iron, was shown 
to consist of iron carbide with small grains of 
pearlite interspersed throughout. 

The author wishes to express his apprecia- 
tion to the Industrial Research Laboratories of 
los Angeles for assistance in this investigation. 
Gratitude is also extended to Dr. Donald 5S. 
Clark of the California Institute of Technology, 
under whose direction this work was done. 


ty 


! ndistorted, clean cut 


surface 


smooth 


Laver of Cementite over dis- 


l ndistorted, surface 


worn in shallow ridges torted grains on galled surface 


I'vpical Structures After Test (Copper Plate at Right in All Views) 


MAGNETIC ALLOYS OF 
IRON,NICKEL, COBALT 


By Gustaf W. Elmen 


Abstract from Electrical Engineering, Vol. 54, p- 1292 


have remarkable magnetic 
predictabk 
or even explainable. Consequently a systematic 
study of the iron-nickel-cobalt system has been 
made in the Bell Telephone Laboratories. [py 
the course of this investigation several thousand 


SOME ALLOYS 


characteristics which are not 


specimens were made and tested in a_ period 
extending over 15 years. It has been justified 
by the large number of alloys it has developed 
for use in communication engineering. 

A great many factors contribute to the final 
properties of an alloy. Among the most impor- 
tant of these are the purity of the elements used 
in the alloy, their preparation, and the heat 
treatment. For iron and the magnetic alloys 
the magnetic properties can be improved ma- 
terially by removing extremely small quanti- 
ties of carbon and other non-metallic elements 
through heat treating in an atmosphere of hy 
drogen and at temperatures close to the mellt- 
ing point. For communication purposes, it has 
not been found commercially expedient as vet 
to introduce this method of refinement; th: 
purity of the constituents of manufactured al 
loys is controlled by ordinary methods of 
chemical analysis, by methods of melting, and 
by annealing processes that do not increas 
important 


magnetic properties here recorded have been 


the amounts of impurities. 
obtained on materials produced by such com- 
mercial metallurgical methods. 

It was early found that some alloys re- 
quired special heat treatments such as a rapid 
cooling, an extremely slow cooling, or soaking 
at a high temperature. Three methods of hea! 
treatment that, in a general way, would sepa 
rate the alloys into groups, were developed 

(1) Annealing consists of heating the sam 
C. (1835° 


and cooling with the furnace, ordinarily requt! 


ples in closed containers to 1000 


ing 7 hr. before room temperature is reached 
This is primarily for the purpose of remoy'ts 
mechanical strains from rolling and stamp Qs 
into suitable shapes. (Continued on page - 
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@ Metals that conquer the air must be the last word in dependability. The excep- 
fy AFETY.. tional toughness and strength of the Nickel Alloy Steels make them the universa! 
choice of aircraft engineers for all parts of aviation engines subjected to severe 
: stresses, fatigue and wear. The long life and reliability of these steels also result 
ib in substantial savings in upkeep costs. There's many a place in your plant where 


their superior mechanical properties will prove equally advantageous. 


SALUTED 


FOR 


SAVINGS 


@ The greater strength-weight ratio of the Nickel Alloy ordinary steels. Our engineers will be glad to demonstrate 
‘a Steels has been a great boon to the automobile industry. how the Nickel Alloy Steels may be employed to effect 
; By eliminating dead weight they have helped to reduce the greater safety and savings in your particular plant or 
price of motor vehicles and their cost of operation. By equipment. 

| greatly reducing breakage and wear in highly stressed 


parts, they have contributed materially to safe operation. 
What they are doing for the automotive industry, they 
can do for you in scores of machinery applications. 


@ This common central anchorage for the suspension spans 
by of the San Francisco-Oakland Bay Bridge, world's largest 
< span, contains 280 tons of Nickel Steel anchor plates. This 
eek important assignment was given to the Nickel Steels be- 
cause of their superior toughness and strength and their 
resistance to fatigue. Experience has demonstrated that the 
properties of the Nickel Steels vary less from heat to heat 
i than those of any other steels and that their long and re- 
liable service more than compensates for the premium over 


NICKEL 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y 
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THE CRITICAL TEMPERATURE IN 
HIGH CHROMIUM IRONS & STEELS 


Special letter to MeraL ProGREss 


by J. H. G. Monypenny 
Author of “Stainless Iron and Steel” 


YHEFFIELD, ENGLAND — Most of the alloys 
that are used to obtain improved properties 

in steel are added to the latter in relatively small 
proportions, but four of them at least — chro- 
mium, nickel, manganese and tungsten — are 
also frequently used in much larger amounts. 
This applies particularly to chromium, which is 
the essential alloy in the production of the so- 
called “stainless” or “corrosion resisting” steels, 
and hence it is of considerable practical im- 
portance that the effect of increasing quantities 
of this metal on the structural conditions of steel 
should be known with a fair degree of accuracy. 
As one intimately concerned in the com- 
mercial production of corrosion resisting steels, 
the writer recently surveyed the rather volumi- 
nous literature which has been published 
regarding the structure and constitution of iron- 
carbon-chromium alloys, to see whether it was 
possible to indicate with a reasonable degree of 
accuracy the probable form of that corner of 
the ternary model containing up to about 30% 
chromium and 2% carbon. The outstanding 
impressions which he obtained while preparing 
that survey (published in a paper forming Sec- 
tion IV of the first report of the Alloy Steel 
Research Committee of the British Iron and 
Steel Institute, issued last September) were, 
‘irstly, the lack of information which still exists 
egarding the precise effect of chromium on the 
‘cmperatures at which several fundamentally 
portant structural changes occur in steel, or 

n the exact course of some of these changes 


in the presence of chromium and, secondly, the 
lack of agreement in the results of different 
investigations of this subject. The writer's con- 
clusions, as a result of his survey were: 

1. Up to about 12% chromium and 2% 
carbon the trends of the structural changes are 
known with fair accuracy, but much more 
information is required as to details —— tempera- 
tures and concentrations — before an accurate 
ternary model can be drawn. 

2. Above 12% chromium certain trends in 
structural changes have been investigated, but, 
with the information available at present, a 
section at 20°. chromium can only be drawn 
approximately, and much more data are re- 
quired before the probable shape of sections at 
high chromium contents can be sketched with 
any degree of certainty. 

3. Most, if not all, of the published data on 
alloys containing carbon has been obtained from 
material of good commercial quality, but none 
from what may be termed pure alloys. It is 
possible that such impurities as are present in 
the commercial samples may have an appreci- 
able effect on structural conditions. There is 
need, therefore, for the systematic investigation 
of pure alloys. 

For the details on which these conclusions 
were based, the reader may refer to the actual 
paper, but it may be of interest to consider 
briefly the results regarding one of the main 
features of the diagram, namely the pearlite — 
austenite change at Ac.. 

As was to be expected, the effect of chromi- 
um on the temperature at which this change 
from pearlite to austenite takes place has 
received attention at the hands of many investi- 
gators. The results obtained on steels containing 
up to about 12% chromium show variations of 
50 to 70° F., and it seems probable that much of 
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this variation is due to the failure of some 
investigators to appreciate fully the sluggish 
manner in which this change occurs in chro- 
mium steels. 

It may be well to emphasize the fact, 
pointed out by the writer over 16 years ago, 
that part of the carbide that forms the pearlite 
in hypo-eutectoid steels containing 10 or 12% 
chromium may still remain out of solution even 
after heating for 30 min. at 200° or so above the 
Ac, temperature of the steel as recorded on a 
thermal curve. Incidentally, the latter tempera- 
ture may quite easily be 40 or 50° (F.) above 
that at which carbide definitely begins to dis- 
solve, with the production of austenite, at much 
slower rates of heating. The striking persist- 
ence of these carbide particles also raises the 
question as to whether Ac, will actually take 
place at some definite temperature in these 
steels if they are heated very slowly or whether 
it will occur over a range of temperatures even 
under these conditions. Krivobok has suggested 
the latter on theoretical grounds, and quite 
probably it is the correct view. At the same 
time it may be mentioned that no direct evi- 
dence of the simultaneous presence of ferrite, 


austenite and carbide in equilibrium over a 
range of temperature in chromium steels of 
eutectoid composition has vet been obtained, so 
far as the writer is aware and, also, that the 
shape of the curve connecting Brinell hardness 
values of quenched samples of such steels with 
quenching temperatures suggests that the tem- 
perature range in which ferrite may exist in 
such equilibrium cannot be great. The matter, 
however, should provide an attractive subject 
for more precise investigation! 

Matters are even more complex when cliro- 
mium exceeds about 12%. The Ac, change 
becomes still more sluggish, at least in steels low 
in carbon, and hence the difficulties of determin- 
ing its true position increase considerably. The 
cause for this extra sluggishness is understand- 
able; if the ferrite, which forms part of the 
structure of these steels in the annealed and 
fully tempered conditions, contains more than 
about 12°) chromium in solution (which is not 
always the case in steels of high carbon content) 
it has no tendency to change to the gamma form, 
except as this transformation may be induced 
in it by solution of carbon or of certain impuri- 
ties; on the contrary, if unaffected by external 


Test Specimens of Cast Corrosion Resistant Steel After 500 Hr. Exposure to Salt Spray 
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‘influences, it would remain in the alpha form 
up to the melting point. It is not surprising, 
therefore, that austenite forms but slowly in 
steel containing such ferrite. 

Much less information is available regard- 
ing the position of Ac, in these high chromium 
steels, and it is certain that some of the pub- 
lished diagrams are quite wrong and misleading. 
In at least two examples, the lines purporting to 
represent the position of Ac, in sections through 
the ternary model at stated chromium contents, 
actually marked not this point but the lowest 
quenching temperature from which retained 
austenite was mainly obtained, instead of mar- 
tensite, and in some of the steels examined, the 
temperature so recorded is 350° F. or so above 
the true value of Ac,. 

If Ac, temperatures are determined by 
methods involving a slow rate of heating or by 
the examination of a series of quenched samples 
held at their respective quenching temperatures 
for periods of 30 to 60 min., the results show 
bevond doubt that, for a given percentage of 
chromium, the temperature falls as carbon con- 
tent rises. For example, at 20° chromium, the 
values appear to be substantially as follows: 


CARBON CONTENT Ac, TEMPERATURE 


0.10% 1800° F. 970° C. 
0.30% 1620° F. 880° C. 
0.50% 1530° F. 830° C. 
0.70% 1500° F. 810° C. 


Chis dependence on carbon content as well 
as chromium was pointed out nearly ten years 
ago by Kalling who suggested, probably cor- 
rectly, that Ac, temperatures in these steels were 
a function of the chromium content of their 
ferrite in the annealed or fully tempered condi- 
tion, and actually rose very sharply when this 
chromium content exceeded about 16%. It is 
obvious, of course, that in steels containing a 
stated amount of chromium, the content of the 
latter in the ferrite will fall with increasing 
carbon content, since the carbide formed is sub- 
stantially chromium carbide. 

Whether the relatively high transformation 
‘emperatures thus obtained for the lower carbon 
steels would be lowered appreciably by ex- 

mely slow rates of heating, is a matter which 
julres further investigation, but it seems very 

)tful whether even such conditions would 


reduce the Ac, temperatures of these low carbon 
materials to those of higher carbon steels of 
equal chromium content. 

Attention has been restricted, in this letter, 
to the effect of chromium on the Ac, change. 
Actually, more information appears to have 
been published on this particular change than 
on any other in chromium steels. It may be 
suggested, therefore, without fear of contradic- 
tion that there is a pressing need for further 
investigation regarding the constitution of these 
very important iron-carbon-chromium alloys. 

J. H. G. MonyYPENNY 


MANUFACTURE AND PROPERTIES 
OF CENTRIFUGAL-CAST PIPE 
Special letter to Mera ProGress 
by Federico Giolitti 


Bessemer Medallist 


PPURIN, 

covering various processes and machines for 
the centrifugal casting of iron pipe have not yet 
found important industrial applications in 
Europe. The only ones used on a very large 


Most of the numerous patents 


scale are those covered by the patents taken by 
Delavaud, by Arens and by Moore. 

The Moore process, which uses molds lined 
with refractory, is very seldom used in Italy. 
It is generally believed by my countrymen that 
the loss of time necessitated by frequent change 
of molds and the slower solidification and cool- 
ing of the iron reduces the output of a given 
machine to about one half the production 
obtainable when using metallic melds (other 
conditions being substantially equal). The 
advantages of sand-lined molds (such as the 
simplification of the pouring operation, the total 
or partial elimination of reheating or annealing 
of the castings) seem to be generally counter- 
balanced by the economic disadvantage of a 
smaller output, and the technical inferiority of 
non-annealed pipe. 

The results obtained in a large, new plant 
of the Ilva Company at Cogoleto seem to con- 
firm completely these opinions. 

The machines installed in this plant are 
of the Arens type, with many interesting im- 
provements. The output of the small machines 
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making pipe up to 10 ft. long and 3% in. 
diameter — can easily exceed 30 pieces an hour. 
Medium-sized machines can cast from 10 to 12 
pipes per hour, 13 ft. long and 18 in. diameter. 
These outputs are considerably larger than those 
generally obtained in Italy with machines using 
sand-lined molds, and this leaves ample margins 
for the expenses incident to reheating. In fact, 
when annealing is done, as in the Ilva plant, in 
modern, automatic, continuous, oil-fired fur- 
naces of about 200 tons capacity per day, the oil 
consumption does not exceed 2.2% of the weight 
of reheated pipe, and the total cost of labor, 
including all handling, remains below 80 cen- 
times of lira per ton (100 lira — $5.30 at current 
exchange). 

It has been amply demonstrated, I think, 
that the quality of chill-cast pipe, carefully 
reheated, is far superior to the quality of sand- 
cast pipe, especially on account of the great 
reduction of liquation processes during rapid 
solidification, and the complete elimination of 
internal stresses by annealing. This last condi- 
tion is becoming constantly more important, 
with the increasing technical requirements 
specified by users. Complete researches on this 
last subject have been published recently by 
Mr. Aurelj, superintendent of the Ilva plant. 

To give an idea of the average bursting 
resistance of ordinary pipe made in the Euro- 
pean plants working under the conditions here 
outlined, | will summarize results of tests car- 
ried to rupture by internal hydraulic pressure 
on pipes of different sizes. 

Medium sized pipe, 6 to 8 in. diameter, 
0.30 in. wall thickness, burst at 160 to 190 
atmospheres, and developed tensile strength 
(computed) of 26,000 to 36,000 psi. 

Short lengths of the larger pipe, about 14 in. 
diameter, 0.55 in. wall thickness, more or less, 
burst at 165 to 190 atmospheres, corresponding 
to 30,000 to 33,000 psi. ultimate tensile strength. 

Large pipe, 17 to 18 in. diameter, O0A7 to 
0.55 in. wall thickness, burst at 112 to 130 atmos- 
pheres (depending on their thickness) and 
developed about 29,000 psi. ultimate strength. 

Extra heavy pipe, 18 in. outside diameter, 
0.86 in. wall thickness, tested in 5-ft. sections, 
burst at an average of 192 atmospheres, or a 
computed ultimate strength of 25,500 psi. 


The above data refer to ordinary cupola 
iron. Most of the present specifications canno; 
be met with such material, and the use of higher 
quality iron, melted in electric or revolving fyr- 
naces, is gaining ground every day in the plants 
manufacturing centrifugal-cast pipe. 

Feperico 


CONTROL OF FUSION WELDING 
BY MECHANICAL TESTS 


Special letter to METAL ProGress 


by Albert M. Portevin 
Director, Fusion Welding Institute 


ARIS, France — Fusion welding with are and 
blowpipe is making rapid progress and jis 
being used for a wide variety of applications, 
some of them with very rigid requirements. Thy 
problem of control is therefore important and 
should be studied in all its aspects and at al! 
stages of the operation, before, during, and afte: 
execution of the welding process. Such contro! 
may be summed up in the following table: 
I. Before execution of the welding 
process: 

1. Control of raw materials 

Metal to be joined (weldability 

Addition metal (welding rod or 
electrode ) 

Equipment (blowpipes, regulators, 
welding machines. ) 

2. Education and testing of operators 
(proof welding) 

II. During the welding process (including 
preparation of the part to be welded) 

Rules, methods and standards for prepa 
ration and execution of welding, and 
the supervision of the operation. 

Ill. After the welding process; tests of th 
finished assembly: 

1. Non-destructive tests (visual inspec 
tion and physical methods such as 
X-rays, gamma rays, magnetic tests 
and sound tests) 

2. Tests on samples, either made sep 
rately during the operation, or take? 
from the finished assembly which ca® 
then be repaired. 

by 


} of 


Such control can be exercised eith 
mechanical tests ending in the examinat 
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Ola fractures or by non-destructive tests of physical proof welds, performed by the same personnel, 
ae characteristics such as micrographic or corro- did not present these defects. 
ler sion tests. 4. Tests of welded structures and welded 
= lhe following remarks should be made con- parts after welding: 
nls cerning the use of mechanical testing methods: From the viewpoint of the security of 
|. Tests of the filler rod or electrodes be- welded structures, it is essential first to avoid 
fore welding: physical defects, discontinuities, inclusions, and 
Mechanical tests before use have no signifi- adhesions. There are only two ways to do this: 
; cance since the addition metal is used after First by control of the welding personnel 
fusion; only the chemical analysis is useful. during the welding process, insuring that best 
Mechanical testing of metal from the joint practices are carefully followed. This should be 
should include impact tests if the metal is sus- under the supervision of very experienced and 
ceptible to brittleness on superheating, such as conscientious persons. 
ferritic metals (alpha iron). Notch brittleness Second by non-destructive tests of the 
, is associated with hardness, shearing strength complete structure. Present practice, based on 
E or tensile strength, so in some cases one or more experience and precedent, is to rely on visual 
a of the latter will be informative. tests, magnetic examinations, and radiography. 
“ Results will vary considerably, and it is Again this should always be done by most 
4 therefore recommended that repeated tests be experienced persons. 
r made and the results interpreted by statistical Magnetographic examination (“magnaflux”) 
“ analysis. However, it must not be forgotten that has been perfected and made much more 
, the mechanical properties depend on the condi- sensitive by the use of impalpable powders in 
. lions of deposition, and in order to obtain test suspension in a liquid applied directly on the 
. pieces of the usual dimensions, heavy deposits piece. X-ray inspection has also made consider- 
s of weld metal must be made under conditions able progress, as much in the thickness that can 
quite different from ordinary work. To obtain be penetrated as in the perfection and clearness 
comparable values in all particulars, it would 
z be necessary to weld normally and take micro 
test pieces from the joints. (METAL Progress, Large Cylindrical Tank Assembled by Tack Welding, Placed on : 
S, July 1935, page 49.) Rollers and Under an Adjustable Overhead Track Carrying an Auto- 
2. Control before welding of the metal to matic Welding Head. All circumferential and longitudinal seams 
rs be welded — weldability: can be completed in this set-up. Courtesy Lincoln Electric Co. 


Because of the physical and chemical 
changes during fusion, a thorough study of the 
metals to be welded must be made to determine 

| weldability (as we pointed out in Metrat Proc- 

d kESS, Noy. 1933, page 45) by means of micro test 
pieces and micro testing machines. 

Test welds; control of personnel: 

Since in this case it is mostly a question of 

bringing to light defects in welding technique, 
, tensile and bend tests are generally used, de- 
| pending on the conditions and the equipment 
available. Of course this preliminary testing of 
welders has no absolute value except for elimi- 
tating incompetent persons, since a well-made 
veld does not necessarily indicate the quality of 


‘he one to follow. We might cite as an example 
a fatal aceident to a hydraulic conduit, burst 
| 

because of poorly made welds, although the 
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of the photographs obtained. X-ray inspection 
eliminates poor welds but does not give absolute 
security, since its sensitivity depends on the 
thickness of the defect or void, while the seri- 
ousness of the defect depends on its extent and 
the sharpness of its edges. Thus, a spherical 
cavity, easily visible under X-rays, is a much less 
serious defect than an internal fissure or adhe- 
sion of the same extent but without noticeable 
thickness and consequently invisible under X- 
rays. In short, this method reveals defects of 
three dimensions, while defects of two dimen- 
sions are the most serious. 

This relative lack of non-destructive tests 
emphasizes the value of good welding personnel 
and control during welding; it is advisable, when 
possible, to eliminate the personal equation by 
using automatic welding processes (although 
this of course does not automatically give per- 
fect joints). 

Models or small scale assemblies welded 
especially for testing are useful only for study 
and comparison to determine the behavior of a 
metal, an electrode, a type of weld or a certain 
welding method. From the point of view of 
control and security of a full-sized structure, 
however, such studies can never be anything 
but a different piece from the structure to be 
tested. 

The mechanical properties of a joint will 
only be comparable to those of the structure 
when all the factors — chemical, metallurgical 
and thermal — are the same. These conditions 
are filled when a test piece is taken from a series 
of identical pieces welded in the same manner. 

In order to obtain the actual specific 
mechanical properties of the structure, the 
structure itself must be tested, either as a whole 
(remaining within the bounds of elastic defor- 
mation) or, as mentioned above, by carefully 
chosen samples. Elastic tests on the entire 
structure can furnish information by comparing 
the deformation experimentally determined 
with the deformation which can be calculated 
in advance. As to control by test pieces, this 
method is not in use at present to any extent in 
France; however, as mentioned above, the use 
of micro test pieces and micro testing machines 
may lead to new advances along this line. 

ALBERT PORTEVIN 


NON-TARNISHING SILVER PLATE 
MADE BY ALLOYING 


Special letter to METAL ProGress 


by C. C. Downie 
Specialist in Rare Metals 


ScorLanp — Silver plated goods 

have suffered considerably by the competi- 
tion offered by different chromium platings, 
which, unlike those of silver, do not tarnish and 
necessitate frequent polishing. This competition 
has lately become so severe that the complet 
elimination of silver from tableware was con- 
templated. 

It would appear dificult at first sight to 
understand the general public purchasing com- 
paratively expensive silver plated goods, when 
the much more economical chromium plated 
products are available, but there are always 
those persons in a community who prefer a 
select and distinctive product that will attract 
attention. So long as silver plated goods required 
continual polishing, litthe advantage could be 
claimed in possessing expensive tableware; on 
the contrary, the latter came in for considerabl 
ridicule. 

With the supremacy of the automobile in 
world popularity, precious metals for jewelry, 
decorative work or tableware have decreased 
in demand, and the manufacturers of sucl 
products had no alternative but to curtail their 
activities. In order to alleviate the situation, 
platinum was replaced by white gold and the 
comparatively inexpensive plated platinum and 
platinum alloys. The latter received commer- 
cial application for telescope manufacture, until 
indium platings were proved to insure a more 
perfect reflection. 

A short survey of the subject is sufficient to 
reveal that wherever precious metals are em- 
ployed, the modern tendency is to substitute ont 
of the less common metals, and thus reduce cos! 
Silver plating, however, stands a good chance 0! 
regaining its earlier popularity, provided the or- 
dinary tarnishing is overcome. 

Tarnishing and discoloration of silver cao 
be prevented by introduction of small quantities 
of metals of the platinum group — namely, pla’ 
inum, rhodium and iridium. Such silver p! tee 
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MOLY trains Diesels down fo “fighting weight 


MOLYBDENUM irons have played an essential part in 
the development and performance of modern, light. 
high-speed Diesel engines. 

One key manufacturer has standardized on Moly 
iron for a number of vital parts — including cylinder 
blocks, liners and exhaust manifolds — because of its 
outstanding ability to meet the strict requirements. 


44 


The toughness of Moly iron: its resistance to wear 
and elevated temperatures; and its resistance to the 
corrosive action of hot exhaust gases — all contribute 
to engine efficiency. Light sections are permissible, 
and the necessary close tolerances are permanently 
maintained. The comparative ease with which Moly 


iron can be machined is also an important factor. 


Our technical book, “Molybdenum,” contains practical data on Moly irons and steels. It will be sent 
on request — as will also our monthly news-sheet, “The Moly Matrix.” Be free to consult our laboratory 
on special ferrous problems. Climax Molybdenum Company, 500 Fifth Avenue, New York City. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um Company 
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goods possess a highly attractive appearance, 
and the mirror-like surface does not require 
polishing, but remains more or less permanent. 

Probably rhodium has been given most at- 
tention, since it possesses a much lower specific 
gravity than platinum or iridium, and thus can 
provide a greater surface per unit of metal. 

In the electroplating process, the prepara- 
tion of an anode of silver with rhodium, iridium 
or platinum carried the practical difficulty that 
the latter metals melt at very high temperatures. 
There was thus little alternative but to use pre- 
pared electrolytes, and by dint of continuous 
circulation and careful current control, silver 
anodes were immersed in prepared electrolytes 
of the rare additions whereby an alloy was 
deposited on the tableware cathodes. The elec- 
trolytes first used consisted of nitrites and 
hyponitrites, which were protected by patent, 
but later research revealed that other salts of 
“hypo” acids would furnish equally satisfactory 
results. 


Although it is known that the setting up of 
over-voltages and other resistances can retard 
the progress of any electrolytic deposition, such 
actions are more pronounced when the anode js 
of one metal and the electrolyte contains ap- 
other. This special silver plating is therefore 
kept under analytical control throughout. Al) 
the platinum metals are comparatively simple 
to deposit electrolytically, so that although con- 
ditions are more exacting for plating silver 
containing a rare metal addition, they are by no 
means complicated. 

This silver alloy plating has found applica- 
tion for microscope reflectors, but the chief hope 
is to regain the market for cutlery and genera! 
tableware, much of which has been lost to chro- 
mium plated goods. Although not comparabk 
to indium platings, these silver-rare-alloy plates 
are comparatively cheap, and whiter than 
chromium plate, thus enhancing the general ap- 
pearance of the reflection. 

C. C. Downte 


TALS 


The air-view on page 175 of last background. Many correct identi- koe, Cleveland, F. P. Whalen 
month’s Merat Progress was the fications were received, the first six Kearny, N. J., and Roy E. Paine, 
Cuyahoga Works of the American being William Diekmann, Chi- Oakland, Calif. Identify this metal 
Steel & Wire Co. at Cleveland with cago, W. T. Askin, Cleveland, Alex working plant immediately, and get 
the Aluminum Co. of America in the Rexion, Cleveland, Cornelius Ben- an enlarged, framed reproduction. 
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j PROVIDENCE: tSLAND 
S December 31, 1956 
\ 
Instrument Company, 
ia, Pennsylvania. 
» of 
lard 
TAL VoG PE 
sey find the installation of the Brown ANALY GRAPH 
recorder of great benefit to US. 
“i | eords the slightest variation in furnace 
fore rec oru 
{|| were, which enadles us to know what we are doing 
= of the 
1ess ereby make the timing 
iple ~ather than guessiné, and th 
aS te of hea 
o2- wy in the furnace meen something, es the ra 
work in | 
Iver ly as to C. O content of the surrounding 
yerse.y VO Ve . 
ras e. which varies not only es to temperature, but 
etmospnere, which 
area of the work in the furnace at one time. 
the 
ica 
ope 
wr Very truly yours, 


CIRCULAR TOOL COMPA) 


UB. 


t 
Presiden — Potentiometer Pyrometer Controller and Brown 
ANALY- GRAPH at the Circular Tool Co, 
Providence, R. |. 


H:CAE 


FURNACE ATMOSPHERE "Records the 


FURNACE 


Direct reading of the BROWN ANALY-GRAPH measures furnace atmosphere 
quality in terms that any operator can readily grasp and put to immediate use. Based on 
Town a definite physical property of gases — thermal conductivity — use of this instrument 
will enable you to avoid the idee. complications and chances for errors encountered 
with chemical analysis. 


Sampling is done right in the main chamber of electric furnaces — also, in the main 
chamber of fuel-fired furnaces where the combustion is regulated to produce the at- 
mosphere desired. In all types of furnaces drawing on an outside source of atmosphere 

eas mutt and passing it thru a muffle or similar container, sampling is done within the container. 
Accuracy starts with gathering some of the atmosphere that actually surrounds the metal 
being treated. Except as it may have affected the quality or composition of the atmos- 
phere before the sampling is done, temperature has no influence on the analyzing process. 


Accuracy of indication is assured by the potentiometer circuit of the BROWN 


mRNACE ATMOSPHERE ANALY-GRAPH. With powerful motor-drive and sensitive galvanometer, slightest 
F G UNIT fluctuations of atmosphere quality are traced with great clearness on a chart 12 inches 
. “ite in through a sampling wide. Direct indicating is done on a separate scale — frequent reference to which is 
promoted by its wide divisions and large markings. 
cated cell to get hotter—increasing 
e mice esistance, The rise and fall of With fuel-fired furnaces, all stages of combustion are visualized by the BROWN 
sects ANALY-GRAPH. For full details, write for Bulletin No. 92-1. THE BROWN IN- 
=< ment STRUMENT COMPANY, a division of Minneapolis-Honey well Regulator Co, 
i ‘ecord of oxidation or reduction. 4503 Wayne Avenue, Philadelphia, Pa. Offices in all principal cities. Conedian 
id factory: 117 Peter Street, Toronto. European address: N.V.N. Minneapolis-Honey- 


well Co., Wijdesteeg 4, Amsterdam- C, Holland. 
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BROWN FURNACE ATMOSPHERE RECORDER 


American Laundry Machinery 
RS ONALS Co.; C. J. P. Hoehn, Enterprise 
Foundry Co.; Thomas Kaveny, 
Herman Pneumatic Machine 
James L. Wick, Jr., Falcon Bronze 
and C. E. Sims ©. Battelle 
Institute, have been 


PE 
4 


Deere & 
has been nomi- Co.: 
Ameri- Memorial 


Hyman Bornstein &. 
Co., Moline, Ib, 
nated tor president of the 
ean Foundrymen’s” Association. nominated for directors 
Marshall Post, Birdsboro round- 
rv & Machine Co., 
vice-president, and 
Duncan P. Forbes ©, Gunite 
Foundries Corp.: H. B. Hanley, 


FOR THE” TOUGHEST” METAL WORKING CONDITIONS 


has been nom- Harry T. Woolson, executive 
engineer, Chrysler Corp., has been 
elected president of the Society ot 


Automotive Engineers for 1937. 


Is Deep Drawing 
Of Stainless Steel 
@ a Problem with You? 
IF SO, WIRE OR WRITE AT ONCE FOR 
FREE WORKING SAMPLE OF 


Stuarts 


EXTRA HEAVY DUTY 


DRAWING COMPOUND 


A thoroughly tested deep drawing lubricant widely recommended 
by leading makers of stainless steel, and in daily use by well 
known production plants. 


Stuart's “SUPER-KOOL” sprayed or brushed on the stock 
prevents metallic seizure and allows proper slippage when angles 
are sharp and where pressures are extremely high. Containing no 
pigment its cleanability is an interesting factor to many plants. 


Address request for free sample to 
General Offices, 2727-2753 South Troy Street, Chicago 


D.A.STUART & CO. 


ESTABLISHED 
CHICAGO 


Warehouses in Principal Industrial Centers 
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Charles E. 
engineering, U jon 
Carbide & Carbon Co., has jee 
made dean of the college of cnyi- 
neering of Ohio State University. 
effective July 1. 


MacQuigg 6 
director of 


A. J. Field @, for the past 7 


vears consulting engineer fo, 
Arthur Seligman & Co. New 


York, has returned to England to 
assume an important post at thy 
works of the British Aluminium 


Co., Ltd. 


B. L. McCarthy ©, metallurgy 
Wickwire Spencer Steel Co., Buf- 
falo, has been appointed chair- 
man of a new division of the 
Wire Association devoted to cold 
working of metals and cold fin- 
ished products. A. R. Zapp, Firth- 
Sterling Steel Co. has been 
appointed chairman of the Organ- 
ization and Membership Commit- 


tee. 


George H. Bitzer @ has been 


made eastern representative of 


Forging & Casting Corp., Fern- 
dale, Mich., with offices in Pitts- 
burgh. 


R. H. Barnes @ has been 
appointed field metallurgist for 
the Cleveland district, American 
Steel & Wire Co. 


Paul D. Merica @, vice-presi- 
dent, International Nickel Co., 
Inc., delivered the Howe Memo- 
rial Lecture of the American 
Institute of Mining and Metallur- 
gical Engineers on Feb. 18. 


James W. Poynter @ resigned 
from American Rolling Mill Co 
to take a position as junior metal- 
lurgist at Wright Field, Dayton, 
Ohio. 


L. A. Shea @, formerly Chicago 
district manager for Hevi Duty 
Electric Co., has been made assist- 
ant sales manager for Lindberg 
Engineering Co. 


Walter M. Saunders, Jr. @ '5 
been made president of the \o™ 
England Foundrymen’s Assoc! 


tion. 


= 
| 


measurement 
and record 
are always a 
identical 


The slide-wire contact and recording 
device are mounted in one unit... They 
move as a unit... No backlash of gear 
trains or slippage of pulley arrangements. 
There can be no lost motion in recording 
the measurement in a Foxboro Potenti- 
ometer Recorder. 

Thus the immediate and accurate 
response to thermocouple temperature 
changes is transferred to the record with 
precision. The 12-inch wide chart makes 
readings easy. And the Foxboro extra 
compensating slide-wire guarantees 
more uniform balancing action and pen 
travel at every point on the chart. There's 
a type of record to fit each need—from a 
single line to 8 individual records. 

Write for Bulletin 190-1. It lists all of 
the advantages of this up-to-date Potenti- 
ometer Pyrometer. The Foxboro Company, 
52 Neponset Ave., Foxboro, Mass., U.S.A. 
. .. Branch offices in 25 Principal cities. 


REG. U.S. PAT. OFF 


PYROMETER RECORDERS 
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PERSONALS 


Chicago 


L. E. Murphy has retired from 
active service as chairman of the 
board for E. F. Houghton & Co. 
He will continue as a director. 


John Fulton @ has left Bethle- 
hem Steel Co. to become a sales 
engineer in the Newark branch of 
Wheelock, Lovejoy & Co., Ine. 


A. W. Gregg @ has resigned as 
works manager for Farrell-Cheek 
Steel Co. to foundry 
engineer in the Industrial Sales 
Division of Whiting Corp., Har- 
vey, Tl. 


become 


Ashburne Oliver @ resident 
material inspector at Pittsburgh 
for the Norfolk & Western Rail- 
way Co., has been transferred to 
Roanoke, Va., as assistant engi- 
neer of tests. 


from 


"Chromax” 


Furnace Parts 


The life of the furnace parts determines the life 


of the furnace. 


Long life for the furnace part is 


assured if the parts are made of ““Chromax,” the 


Driver-Harris alloy. The extraordinary strength 


and heat-resisting qualities of ““Chromax” make 


it well adapted for furnace parts. 


That is why 


we say “Longer Life with Chromax.” 


Why not write for further details? Our engineers 


are always ready to help solve your heat-resist- 


ing problems. 


DRIVER-HARRIS COMPANY 
HARRISON, N. J. 


Detroit 


Cleveland 


England France 


Italy 
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F. Lloyd Woodside @, for verily 
of Ludlum Steel Co., is now cop 
nected with the research |oborg. 
tories of the Climax Molybdenum 
Co. of Michigan at Detroit 


n- 


H. F. Brown @ has accepted g 
position with Standard 
Development Co. at 
Refinery, Linden, N. J. 


Vway 


Charles B. Pharo, Jr. @ has 
been transferred to the Sales Pro- 
motion Department of Republic 
Steel Corp., Cleveland. 


Mitchell P. Christensen @ has 
resigned as metallurgist at Rock 
Island Arsenal to open a consult. 
ing office in Chicago. 


Ralph O. Griffis ©, former| 
sheet metallurgist at Youngstown 
Sheet & Tube Co., is now research 
engineer, Development & 
Research Department, Bethlehem 
Steel Co., Bethlehem, Pa. 


Stanley T. Johnson @ has » 


position with Carnegie-Illinois 
Steel Corp. at Pittsburgh as 


observer in the Homestead plant 


Wesley H. Millard @ has lett 
the Friend Mfg. Co. to join the 
Metallurgy Department of Pratt & 
Whitney Division, Niles Bement 
Pond Corp. 


Harry L. Myers has been pri 
moted to the position of genera 
superintendent of the West Leech- 
burg Division, Allegheny Stee! © 


W. Gerhardt Leaman @ is 
assistant metallographist in the 
new strip mill at the Lackawanns 
plant of Bethlehem Steel Co 


Edwin H. Engel @ has bee! 
transferred from the metallurgic® 
department, Sheet and Strip Di 
sion, Pittsburgh District, to 
Vandergrift Works, Carnegic-! 
Steel Corp., 
assistant metallurgist. 


nois where 


Nathan Lester ©, former) 
associated with the Superior 
Casting Co., has opened an office 
of his own as the Lester —M5 
neering Co. in Cleveland. 


\ 


. if it did not 
| have a Duplex Selvage 


One of three Surface Combustion Corporation 
aces at Oneida, Ltd., Oneida, — a 


furn 

equipped by Surface ¢ ombustion Corp. with 
Cambridae Duplex Selvage Woven Wire 
Belts. 


Duplex Selvage is added strength where strains are 
sreatest. A Cambridge Spiral Woven Wire Conveyor 
t with selvages reinforced with a true double weave 
s| in every respect with the weave of the belt fabric 
unaltered uniformity of belt structure unimpaired 


unchanged belt surface smoothness results in 


stine freedom from edee wear and tear and consequent 


1WSruption 
' 


3ls0 a hidden virtue in the Cambridge Duplex 
Selvage which is brought to light under elevated temperature 
t applications. Here Duplex Selvage has proven to be 
than merely belt edge protection, but an area within 

h the ever-present belt operating stresses are absorbed 

| arrested from developing further into the inner belt 

c as destructive belt strains, the cause of belt distor- 


tretch and width contraction. 


The 
Cambridge Wire Cloth Co. 
Cambridge - Maryland 


mm — New York — Baltimore — Detroit — Chicago — San Francisco 
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The Industrial Spotlight 
is on the Texas Coast... 


The eyes of industry are turned toward 
the Texas Coast. It is a region which 
invites the investigation of industrial 
management; it is rich with diverse re- 
sources and connected by rail and 
water with markets at home and 
abroad. The map above shows the in- 
dustrial resources available on the 
Texas Coast; fuel is supplied by un- 
limited resources of efficient natural 


gas. 


In considering the location of factories and 
branch plants, the needs of every company 
in every industry necessarily differ. Recog- 
nizing this, we have equipped ourselves to 
furnish specially prepared, confidential sur- 
veys to individual companies. You are in- 
vited to have one prepared for your com- 
pany. Your inquiry involves no obligation. 
Address Houston Pipe Line Co., Houston. 


Texas. 


HOUSTON PIPE LINE CO. 


Subsidiary of Houston Oil Company > A HILL IR. Preston 
of 


Natural 


S 


MAGNESIUM ALLOYS 
FOR AIRCRAFT 


By Cecil H. Desch 


Abstract of paper for 
Royal Aeronautical Society, Meeting of Jan. 14, 1937 


i AGNESIUM is too weak a metal to be used 
- in the unalloved state, yet the metals which 
may be added to it to produce strong alloys 
are very limited in number. Solid solution 
alloys are necessary for any considerab) 
strengthening, and Hume-Rothery’s survey of 
known alloy systems shows that the atom 
diameters of the metals must be within 14% 
of each other for appreciable solution. | 
is not surprising, therefore, that beryllium is 
hopeless for this purpose. Even though both 
metals belong to the same group in the periodic 
system, both are light metals and both crystal- 
lize in the same system; the magnesium atom 
with effective atomic diameter of 3.20 A is so 
much larger than beryllium (2.25 A) that molten 
magnesium will not even dissolve beryllium 

When the 14% rule is used to direct researches 
into strengthening alloys for magnesium, it is 
found that the following metals fall within the 
limits: Lithium, aluminum, zirconium, thallium, 
lead, and bismuth. Several of these, however, 
including tin, antimony, thallium, lead, and bis- 
muth, form compounds with magnesium which 
are both brittle and reactive, and when al! the 
factors are taken into account, we are left with 
only aluminum and cadmium as suitable for alloy- 
ing in more than quite small quantities. On the 
other hand, calcium, cerium, zinc, nickel, cobalt 
and manganese, which fall outside the 14% limit, 
and can only form solid solutions to a very limited 
extent, have proved useful in small quantities 

It is well known that various combinations 
of aluminum, manganese and zine are used wit! 
strong magnesium alloys, both cast and wrought 
Of the remaining possibilities cadmium and silve! 
seemed most promising, and experiments wer 
therefore made at the National Physical Lab: 
tory to test the effect of adding small ensiilie 
of silver to alloys having already good prope! 
ties. It may be mentioned in passing that the tac’ 
that the added metal is relatively costly is of [10 
importance. In the production of many object 
the cost of manufacture is so much greater (4! 
that of the material that an addition to the 
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alloy is hardly appreciable in the product. 
he simple binary alloys with metals other 
t aluminum do not, so far, offer great advan- 
Cadmium alloys readily with magnesium, 
ensile strength being little changed, even by 
additions, and the alloys are very ductile, 
longation increasing to 20% in 2 in. with 
ium up to 15%, and this property is retained 
the ternary alloys with zine. Rolled strip con- 
ng 4% Cd and 4% Zn gave a tensile strength 
38,500 psi. and an elongation of 22%. This 
» could be spun cold into simple forms if given 
several intermediate annealings. Higher strengths, 
iiong with somewhat lower ductility, were obtained 
from alloys containing cadmium together with 

For highly stressed parts it is necessary to 
raise the proof stress as well as the tensile strength, 
and for this purpose some form of age hardening 
would seem to be desirable. Silver was found to 
be useful in this respect, and patent applications 
have been filed. For example, an alloy with 8° 
Al, 8 Cd, 2% Ag in 1l-in. forged bars, after 
heat treatment, tested 64,000 psi. ultimate tensile 
strength, 44,000 psi. proof stress at 0.1% elonga- 
tion, 42% elongation. The heat treatment con- 
sisted of 2 hr. at 775° F., a quench, and aging 6 
days at 265° F. Adding 2.5 to 3.0 silver to mag- 
nesium alloys containing about 8% Al, 04% Mn 
and 0.2 Ca gives tensile strengths of 56,500 psi., 
proof stresses of 37,000 psi., and elongations of 3.5 
to 4.0%. Adding 0.7% zine to the last mentioned 
alloys will increase the elongation to 6.0% . 

The following figures have been obtained trom 
propeller blades forged in the press (the alloy 
being slightly modified) without age hardening, 
but with careful control of the crystal structure 
during the forging operations: Tensile strength, 
45,000 to 51,500 psi.; 0.1% proof stress, 27,000 to 
31,500 psi.; elongation, 5 to 11°¢; Wohler fatigue 
range, + 16,800 to + 19,000 psi. 

The strength of magnesium alloys falls off 
rapidly with increasing temperature, but the rate 
of fall varies greatly with the composition, so 
that a choice of alloys has to be made. For air- 
‘ratt purposes, two ranges of temperature have 
to be considered. For crankeases a maximum of 
J00° FP. may be taken, while for pistons a much 
higher temperature, 650° C. or more, has to be 

sidered. Since these operating temperatures 
ire above the usual aging temperature, the prob- 
em of finding suitable alloys resolves itself into 
that of discovering structures of inherent strength 
‘t high temperatures, stable under prolonged heat- 
or repeated intermittent heating and cooling. 
» does not necessarily mean using homogene- 
solid solutions, as a network structure may 
present, provided it is not one that is absorbed 
reprecipitated within the working range of 
perature. (Continued on page 302) 


UNIFORMITY IS 
EVERYDAY PROCE- 
DURE IN GENERAL 
EQUIPPED PLANTS. 


The General Air Draw 
is used for tempering. 
drawing, normalizing 
and heat treatment of 
gears, springs, axles, 
dies, pistons and other machined parts. 
Front loading speeds handling and enables 
use of racks or baskets interchangeably. Parts 
of the charge can be quickly removed without 
pulling complete load. 
Among the 5 sizes with gas or electric forced 
convection heating there is a unit to meet 
your needs. 


WITH PRECISION AND Je 
| 


Write for the New Air Draw Bulletin 


GENERAL COMBUSTION CORP. 


205 W. Wacker Drive CHICAGO 


Sez: 


bad 
that the Weld- 
ing Industry is 


not operated on the same basis as 
the Orchid Industry.” 


Full information upon request. 


Aru-Welding Electrodes 


for welding all corrosion and heat resist- 
ing products. Send for data book. 


WS 


UNION AVENUE- CLEVELAND 
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CARBURIZING 
COMPOUND 


A CASE HARDENING MATERIAL 
OF CONTINUOUSLY UNIFORM ACTIVITY 
AND LONG LIFE 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 


a Mounting Press 


Hundreds of Metallurgists using 
this press never again would go 
es back to old melting pot and ladle 
a method for mounting metal specimens. 


MAGNESIUM ALLOYS 


(Starts on page 300) 

The required properties cannot be determined 
by simple tensile tests at high temperatures; creep 
becomes important when the stress is continued 
for a long time. Few of the alloys have heen 
tested under rigorous creep conditions, and _ the 
data available have been mostly obtained from 
accelerated tests. For the alloys containing alumi- 
num, however, some general conclusions may be 
given; as with other metals, cast alloys have better 
creep resistance than forged. 

In the course of tests at the National Physica! 
Laboratories, aluminum, silver, manganese, cal- 
cium, nickel and cerium were found to strengthen 
magnesium, the strength-temperature curves being 
raised throughout their course, while combinations 
of two metals have a rather greater effect than one 
alone. Calcium is a useful addition for this pur- 
pose; it is actually lighter than magnesium and also 
improves the casting properties in so small a quan- 
tity as 0.385°. Cerium, on the order of 1%, has a 
marked strengthening effect at 575° F., while when 
nickel is also added the hardness is similar to that 
of Y-alloy in the same range of temperature. Nickel, 
however, has some disadvantages and cobalt has 
given better results. The following tests were 
obtained from forged alloy containing 10° cerium, 
15° cobalt and 1.5° manganese: 


TEMPERA- TEMPERA- TENSILE 
TURE °C, TURE °F. STRENGTH ELONGATION 
20) 70 41,700 () 
100 212 34,000 2.4 
200 390 29,500 2.0 
300 979 16,600 152.0 


Cadmium, lithium, thallium, lead, zinc, tin, cop- 
per, and silicon were found ineffective as means of 
improving the properties at high temperatures. 

It is particularly in the neighborhood of 300° F 
that information as to the behavior in creep |s 
required, on account of the application to crank- 
cases. The suitability of the alloys for pistons al 
higher temperature is determined by a combination 
of qualities, of which resistance to creep is net the 
most important, such as permanence of dimensions, 
resistance to fatigue, stability of internal structure 
(absence of changes leading to increased brittle 
ness), thermal conductivity. Pistons made of alloys 
similar to those mentioned have given excellen! 
results in trial runs under overload, and it is prob- 
able that improvements in composition are the bes! 
means of obtaining better performance. 

An obvious difficulty in the use of alloys o! 
magnesium is their ready corrodibility. Magnesium 
is a highly reactive metal; no addition of an a’ oy- 
ing metal, in quantities (Continued on page 304 
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Sources of 


INFORMATION ON 
ALLOY CASTINGS 


1. Your Own Experience 


2. Alloy Manufacturers 


3. The Book of 


Stainless Steels 


LAVITE 


THE IDEAL HEATING MEDIUM 


DEPENDABLE UNIFORM HEAT 
FREEDOM FROM SCALE 
OXIDATION AND DISTORTION 


CARBON TOOL STEELS 
Hardened — Case Hardened 
Tempered and Annealed 
By the LAVITE Process 


LAVITE is a bath for controlled heating that 
does not deteriorate. Its unique character- 
istics produce uniform and more economical 
results, cleanly and rapidly. 


The new and enlarged 2nd Edition 
contains chapters on design of heat 


LAVITE FURNACES 


Units built in sizes to meet your porticuler 
requirements. 


treating and heat resisting equip- 
ment, foundry practice in the high 
chromium and high chromium- 
nickel alloys, welding of such 


castings, and ten sub-chapters on 
the properties and composition of 
the ten different families of heat 


and corrosion resisting castings 


Written by 82 Experts 
Edited by E. E. Thum 


813 Pages 292 Illustrations 


Price $5.00 


Triple Unit Hardening Furnace 


Eliminates burned out pots, deterioration through 
excessive heat, and necessity for atmosphere 
control. 


for Metals 
7016 Euclid Avenue Cleveland THE BELLIS HEAT TREATING COMPANY 
QW 
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The proof of REAL 
Atmosphere Control— 


Genuine control of furnace atmosphere can produce results 
like the two Hayes-hardened pieces of high speed steel at 
the left. One was held two times dente 5 the other three. 
With such overtime protection, you are sure you are 
getting normal time protection. (Cut at right shows re- 
sults which such overtime produced in another furnace, with 
so-called atmosphere control.) 

Give your hardener the Margin-of-Safety inherent in 
REAL Atmosphere Control: the patented “Certain Curtain.” 


Send for new Bulletins 
No. ll and No. 103 


C. 1. HAYES, Inc. 


129 BAKER ST. PROVIDENCE, R. I. 


R. G. HESS E. F. BURKE J. E. FIGNER 
92 Liberty Street 4614 Prospect Ave. 6388 Penn Ave. 
New York, N. Y. Cleveland, Ohio Pittsburgh, Pa. 


L. LOSHBOUGH Cc. A. HOOKER 
3630 South Iron Street 202 Forest Ave. 
Chicago, Ill. Royal Oak, Mich. 


URTA\ 


ELECTRIC 


— 


MAGNESIUM ALLOYS 


(Starts on page 300) within the range of the light 


alloys, will inhibit 
influence of small quantities of manganese is known 


this corrosion, although the 
to be favorable. Actually, however, the resistance: 
is greater than might have been expected. 
film formed by exposure to air affords some pro- 
tection, so that a specimen left in the open in a 
fairly clean atmosphere will only show a thin white 


A simple 


crust when a piece of iron exposed at the same time 
is thick with rust. The fact that iron rusts easily 
does not prevent its use, and both metals must be 
protected by some kind of coating against atmos- 
pheric attack. Chemical treatment | such as noted 
in the editorial review in January Metal Progress 
is relied upon, not only to protect by itself against 
atmospheric attack but to serve as a basis to retain 
a coating of varnish, paint, or enamel. 

Much study has been given to the attack of 
leaded gasoline on sheet magnesium tanks. Some 
organic substances inhibit the attack without 
impairing the anti-knock qualities, notably quino 
line when added to the extent of 17. 

Chlorides accelerate the corrosion of magn 
sium and its alloys, and tend to break down any 
protective film on the surface. An inert varnish o! 
some kind is then essential, as well as the chem- 
ically prepared coating. Since the flux used in 
casting or welding usually contains chlorides, it is 
of utmost importance that the metal contain the 
minimum of inclusions and the surface be caretully 
cleaned. Scrubbing with hot water containing lo 
potassium dichromate will serve when electrolyt« 
cleaning is impracticable. 

The protection of the surface of airscrews pre- 
sents a specially difficult problem. Here it is not so 
much a question of chemical corrosion, as rather o! 
abrasion of the leading edge by dust particles and 
rain drops, in consequence of the high velocity 
Even the very adherent coating produced by the 
chromate treatment suffers under these abrasive 
conditions, and paints and enamels prove inade- 
quate. Treatment with chromate, followed by 
lanoline or a varnish with a base of Tung oil, 
affords as much protection as can be expected, but 
there is room for improvement in this direction 
The ideal surface to resist such severe abrasion 
would be a hard metallic coating, preferably o! 
chromium, and this is the direction in which suc 
cess is likely to be found. To deposit chromium 
directly on a magnesium alloy is almost certain!) 
impracticable, but the production of intermediat 
metallic coatings, free from pinholes and capable 0! 
receiving an electrolytic deposit of chromium, secs 


to be promising. 
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| a barrel and low current density still plat- 
ing the new du Pont Brightener is an ideal addition agent for use with the 


du Pont Bright Zinc process. With this Brightener it is possible to get consistent 
results, produce durable, decorative, protective surfaces on building hardware, 
radio and electrical parts, stampings, and other steel articles. 


SOME OF THE OPERATION FEATURES INCLUDE: 


1. Extra Bright Deposits at low current 4. Wide Operating Range. Extra bright plate 
densities. can be obtained over a wide range in bath com 


2. Better Covering Power in short-time plating position. Uniform bright plate can be pro 
—an important feature when plating the rough duced in deeply recessed work at low current 


surfaces of forgings and hot rolled steel. density. Brighter deposits at higher current 
3. Higher Cathode Efficiency with Uniform densities and high current efficiency by increas 
Deposition of zinc over the cathode. ing the temperature to 40°—50° C. 


The use of this brightener requires no new equipment or change in usual plating 
practices. The du Pont Bright Zinc solution is easily prepared and controlled. 
Commercial and job platers are now successfully using it. For further information, 


write or call our nearest District Office. 


-——ss«éE. 1. DU PONT DE NEMOURS & COMPANY, 
District Sales Offices: Baltimore, Boston, Charlotte, Chicago, Cleveland, Kansas 
et - Newark, New York, Philadelphia, Pittsburgh, San Francisco _ 


The R. & H. Chemicals Department a = 
INC. 
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eadership 
in TESTING 


methods and equipment 


Practically every steel company that estab- 
lished a testing laboratory during the past 
five years purchased Southwark -Emery 
Hydraulic Testing Machines...purchased 
also, in most cases, Southwark Stress- 
Strain Recorders. It would be difficult 
to find a modern laboratory in which 


Southwark Testing Equipment is not used. 


BALDWIN-SOUTHWARK CORPORATION 


SOUTHWARK DIVISION, PHILADELPHIA 
Pocitic Coast Representative: PELTON WATER WHEEL CO., Son Froncisco 


TESTING MACHINES «+ STRESS-STRAIN RECORDERS and CONTROLLERS 
EXTENSOMETERS, STRAIN GAGES VIBROGRAPHS TORSIOGRAPHS 
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METAL SPRAYING 


By E. C. Rollason 


{bstract from Paper No. 760 
Institute of Metals, 1937 Spring Meeting 


{dvance Copy) 


N RECENT YEARS new designs of spraying 

apparatus have been evolved using wire, 
powder, and molten metal. Many new applica- 
tions have also been exploited successfully, 
some of which are becoming of great impor- 
tance to the engineer. Apart from these, metal 
spraving demands increasing consideration as a 
means of combating corrosion of mild steel, 
since the austenitic “stainless” steels are too 
expensive for any but special environments 
where corrosion is very severe. The most com- 
mon method of protecting iron and steel is by 
painting, but this is only really effective when 
the surface is prepared or cleaned by costly 
treatments such as sandblasting. This is the 
first stage in the metal spraying process, and, 
if one is prepared to do this, a coat of sprayed 
zinc or aluminum makes the ideal protective 
coating for steel, whether or not subsequent 
coats of paint are sprayed onto the deposit. 

Three principal types of pistols are now avyail- 
able; one uses wire, another molten metal, the third 
metallic powder. 

All pistols spraying metal from wire differ only 
in details of design. They contain a small air tur- 
bine which drives two knurled rolls which feed the 
wire into the melting nozzle. Compressed city gas 
or acetylene and oxygen are supplied for the flame, 
while compressed air is used for atomizing the 
molten metal. Its speed of application is smallest, 
normally 5 lb. of metal per hr. This can be more 
than doubled by increasing the wire size to 2 mm 
(12 gage). One of the important advantages of the 
wire anes over other forms is the ease with which 
the internal surfaces of tubes can be coated. ro! 
tubes as small as 1.25 in. the rotary nozzle is used, 
while for larger tubes either the extension or the 
deflector nozzles are suitable. 

Recent modifications of pistols using molten 
metal have reduced their size and weight to about 
double that of a wire pistol. It is gravity fed with 
molten metal held in a container (carrying abou! 
4 Ib. of zine) and its temperature is maintained by 
a gas flame, which also preheats the compressed «'', 
carried by a stainless steel pipe to the silver sice! 
(Continued on page 


nozzle. One of the 
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INSULINE 


CAN but the camel CAN’T 


pass through the needle’s eye 


INSULINE PARTICLE CAMEI NEEDLE 


Pictured above is an INSULINE Particle magnified 2100 times. Its stable, calcined fire clay 
base with thin-walled, minute, cellular structure produces the light weight, low heat storage, refractory 
and insulating properties of INSULINE Products described below. 


INSULBRIX INSULCRETE 


(REG. U.S T. ofr.) 
INSULBRIX are light-weight cellular low heat INSULCRETE is a ‘lieht- weight cellular insulating 
storage insulating fire brick for direct or indirect refractory concrete for furnace linings, door lin- 


exposure to flame and furnace gases in boiler and 


Aa wae ings, heat shields, shapes, covers, and kindred uses; 
her furnaces, ovens, and kilns. 


INSULBRIX are made in several brands from one-tenth recommended for temperatures up to 2500°F. No cutting 
one-seventeenth the heat storage capacity of heavy fitting or ramming—just pour into place. 

refractories; 1” has an insulating value of 3” to 5” of fire brick; permit : 

heated equipment to: reach operating conditions in less time; meet fluc- 1” of INSULCRETE equals about 4” of fire brick in insu 
tions more rapid! 
Result ir lm’ output; conservation of fuel; decreased labor lating value and has about one-seventh the heat storage capacity of fire 

improved furnace room conditions ; greater comfort to the workmen. brick walls of equal heat flow 
U.S. PAT. © 
INSULAG is a superior sieaiibe refractory lagging INSULBLOX are superior oateasans block insula- 


tion used for direct exposure up to 2000°F. and for 
indirect at 2200 F. They permit the use of insula- 
tion closer to the fire. INSULBLOX, because of their calcined 


and finishing insulating material for high tempera- 
ture equipment up to 2200°F. It is also used to fire- 


of bins, walls, wood columns, roof structures, ete. stable fire clay base stand severe service. Do not lose thei 
INSU LAG does not shrink—expands as it dries, sets quickly insulating properties nor shrink from the brickwork wher« 

and bonds firmly to hot or cold surfaces. Has high crushing properly used 
INSULBLOX do not dissolve or collapse from contact with water and 


gth and does not bruise or break in ordinary service. : ; ~d = 
are resistant to vapors ef steam, oil, acid or alkaline solutions 


Does not dissolve or collapse from contact with water, and is practically BE OF ase ta standard thichacse 

: vapors of steam, oil, acid or alkaline solutions thickness and avoid waste. Large-size units reduce inst tion costs and 

It is quickly and easily applied by molding, troweling or Quigley Refrac- oint loast 

y Gun wherever plastic insulation is required. 1” of INSULAG has an The heat storage capacity of INSULBLOX i bout one-fortieth that 

lating value equal to about 9” of fire brick and has about one-fortieth f fire brick for the same heat flow. 1” thickr f INSULBLOX is 
the heat storage capacity of fire brick walls of equal heat flow. equal in insulating properties to about 9" of fire brick 


INSULINE — Ground INSULINE — Sized Aggregate 
INSULINE is available in Ground form for use as insulating fill and as Sized Aggregat 
for use with Portland Cement or other suitable binders make an insulating concrete 


For further information write for copy of “APPEAL TO REASON" 


QUIGLEY COMPAN Y-. wc. 


56 W. 45th Street, New York, N. Y. 
Makers of HYTEMPITE, “The World’s Standard High Temperature Cement” 


Distributers with Stocks and Service in Important Industrial Centers throughout the United States, Canada, and in 32 other countries 
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SPRAYING 


Starts on page 306 difficulties is that the silver 
steel nozzle and also the container is rapidly 
attacked by the molten zinc; the former has a life 
of 1 to I's hr., renewable in 2 to 3 min. This 
process also requires a separate furnace for melting 
the zine. This pistol, as well as the one now to be 
described, has no moving parts. 

Of the powder pistols invented, only the Schori 
has become of commercial importance. The powder 
is sucked through an oxy-gas flame and blown onto 
the object. The construction consists essentially of 
two injector arrangements; one is in the handle and 
is Similar to that found in a welding blowpipe, while 
the other, similar to a filter pump, is used for aspi- 
rating the powder from a suitable container fitted 
with a small vibration fan. Two difficulties are met 
with in the design of equipment for spraying metal 
powders: A large orifice in the nozzle is required 
to prevent clogging by the powder, and a large flame 
is also required. The second is the maintenance of 
a regular supply of powder to the pistol. However, 
the pistol itself is lightest in weight (about 2%, Ib.) 
und the speed of application is highest. 


Normal working distance is 3 in. for the ire 
nozzle, 5 in. for the molten metal nozzle, and to 
12 in. for the powder nozzle; overhead work ji:, of 
course, impossible with the molten metal nozz! 

Common applications at present are: 

Zine coatings afford excellent protection for 
iron and steel, and are particularly useful for steel] 
windows, light-gage sheet metal, springs, and non- 
metallic articles; they are excellent bases for paint. 

Aluminum coatings are resistant to sulphurous 
atmospheres, and the very pure metal is gaining 
favor as a coating for the steel parts of aircraft. 
Aluminizing is also used to prevent scaling in 
equipment operating up to 1750° F. 

Tin is used principally for food vessels. 

Lead, nickel, copper, steel, and stainless steel] 
coatings all have their uses, the harder metals par- 
ticularly for building up worn machine parts and 
blowholes in castings where only compressive 
strength is required. 

Among the more novel applications may be 
mentioned the treatment of insulators, radio appa- 
ratus, diathermic bandages, and wall paper. 

It appears that each of the three types of metal- 
spray equipment has characteristic advantages 
which will allow all of them to survive competition 
and become useful tools in the engineers’ hands 

(Continued on page 314) 


KNOW YOUR PRODUCTS 


OLSEN MACHINES 


Will give you complete knowledge 
—reliable data. 


Specifications are continually grow- 
ing more rigid — Be sure your data 


are right. 


Verify them with an OLSEN 


OLSEN | 
Dept 3-C 
504 No. 12th St., Philadelphia, Pa. 
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UNIFORMITY . . . attained within 55 
minutes at 1200° F. and quaranteed to a 


MINUTES 


. . that’s the remarkable NEW “high 
performance” record set by this NEW 
Despatch furnace . . . empty. And it 
only requires 10 minutes more to heat 


to 1200° loaded. 


If you're interested in economy, you'll 
want to know more about this latest 
Despatch achievement. It’s an interest- 
ing departure from the conventional 
tempering and drawing furnaces of today. 


CONTROL ACCURACY... 


step-down control systems. 


without using complicated 


because of its 


HIGHER PRODUCTION CAPACITY... 


efficiency of operation. 


Send for Bulletin No. B-42. 


DESPATCH OVEN COMPANY 


MINNEAPOLIS MINNES OTA 


tolerance of 5°. 


OPERATING ECONOMIES .. further en- 
hanced by the use of gas, a low priced fuel. 


A more convenient location for our many 
customers when they visit New York 


* Larger and better display facilities - Pro- 


jection room for demonstration purposes. 


- Better all ‘round service to our customers 


on Microscopes and the many other 


Leitz Optical instruments and accessories. 


E. LEITZ, INC. 730 meron NEW N. 


Western Agents: Spindler ond Souppe, inc. Los Angeles Sen Frencisce 
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HELPFUL LITERATURE 


Stress-Strain Recorder 


The many applications of the Bald. 
win-Southwark stress-strain recorder, 
its unique advantages, and the 
many ways it can give unusual 
service will be extremely interesting 
to all who have to do with testing 
methods and equipment. Bulletin 
Ba-67. 


Electrodes 


Recommended welding procedures 
for the new “Shield-Arc 100” elec- 
trode as well as all other Lincoln 
electrodes are contained in the 
latest “Supplies Bulletin” published 
by Lincoln Electric Co. Bulletin Ba- 
10. 


Stabilog 


Ten outstanding advantages of the 
potentiometer Stabilog are fully ex- 
plained in an attractively Iaid-out 
folder by the Foxboro Co. Bulletin 
Ba-21. 


Cleaning Processes 


An attractive 12-page booklet en- 
titled “Scientific Metal Cleaning” 
has been published by Detroit Rex 
Products Co. It describes in detail 
the applications and advantages of 
Detrex degreasing with Perm-A-Clor 
or Triad Safety Solvents and the 
applications of Triad Alkali Cleaning 
Compounds and Strippers. Bulletin 
Oy-111. 


Oil Testing 


An oil testing instrument catalog 
issued by C. J. Tagliabue Mig. Co. 
should be in the hands of every oil 
chemist as well as all those who are 
interested in testing machines. An 
up-to-date price list is included. Bul- 
letin Ba-62. 


Hard Case 


A continuous breakdown test on 
Holden Hard Case heat treating bath 
is fully described and the remark- 
able results explained in a folder 
by A. F. Holden Co. Bulletin Ba-55. 


Modern Metallograph 


The new Bausch & Lomb research 
metallographic equipment, which is 
arousing so much interest and favor- 
able comment in the profession, is 
the subject of advance literature, re- 
cently issued. Bulletin Ba-35. 


Oxygen Lance 


An eight-page booklet, profusely 
illustrated with diagrams and pic- 
tures, puts into convenient form 
much valuable information on the 
oxygen lance, which will be espe- 
cially useful to anyone working with 
heavy sections of metal. The Linde 
Air Products Co. Bulletin Ba-63. 


Nickel Silver 


Riverside Metal Co. has just pub- 
lished a beautiful booklet on nickel 
silver. If you want the latest in- 
formation on this subject, presented 
in an attractive, interesting manner, 
write for Bulletin Aa-156. 


Sicromo 


Timken Steel & Tube Co. has is- 
sued a new booklet on Sicromo 
steels which gives analyses of these 
new steels and discusses the effect 
of both silicon and chromium on oxi- 
dation resistance. Bulletin Ba-71. 


Laboratory Service 


A new edition of “The Metal 
Analyist” tells about an organiza- 
tion established by Adolph I. Buehler 
specializing in the installation of 
metallurgical laboratories. The com- 
plete line of laboratory equipment 
marketed by Buehler is also cata- 
logued. Bulletin Dy-135. 


Testing Machines 


An extremely handsome, spiral- 
bound, segregated catalog tells all 
about the various hydraulic and 
screw power testing machines made 
by Tinius Olsen Testing Machine 
Co. Bulletin Oy-147. 


Nickel-Copper Steels 


Exceptional resistance to corrosion 
and abrasion, increased tensile 
strength, and higher ductility are 
the qualities claimed for Youngs- 
town Sheet & Tube Co.'s new series 
of Yoloy steels. A summary of 
properties and notes on their char- 
acteristics are contained in Bulletin 


Ox-93. 


Heat Resisting Alloys 


Authoritative information on alloy 
castings, especially the chromium- 
nickel and straight chromium al- 
loys manufactured by General Al- 
loys Co. to resist corrosion and high 
temperatures, is contained in Bul- 
letin D-17. 


Electric Salt Baths 


Literature is available from Bellis 
Heat Treating Co. describing elec- 
trically heated bath furnaces which 
are economical to operate and have 
a wide range of applications in 
hardening, annealing, and heat 
treatment of high speed steel, stain- 
less steel, nickel, aluminum, copper 
and bronze, etc. Bulletin Ny-48. 


Heat Treating Manual 


A folder of Chicago Flexible Shaft 
Co. contains conveniently arranged 
information on heat treating equip- 
ment for schools, laboratories and 
shops, and also illustrates the sev- 
eral types of Stewart industrial fur- 
naces. Bulletin Ar-49. 


Newer Tool Steels 


Vulcan Crucible Steel Co. has a 
complete and attractive catalog list- 
ing their full line of tool steels includ- 
ing many special types to meet the 
modern trends in industry. Bulletin 
Jyb-127. 


Testing with Monotron 


Shore Instrument & Mig. Co. offers 
a new bulletin on Monotron hard- 
ness testing machines which func- 
tion quickly and accurately under 
all conditions of practice. Bulle- 
tin Je-33. 


Corrugated Ingots 


The Gathmann Engineering Co. 
has published a new booklet called 
“Gathmann Ingot Molds — Their Pur- 
pose and Design.” It illustrates 
various corrugated ingot contours 
designed to produce defect-free sur- 
face in steel ingots. Bulletin Aya-13. 


Metal Surfaces 


A manual giving in detail methods 
for the application of sodium cy- 
anide solutions in the preparation of 
metal surfaces is announced by the 
R. & H. Chemicals Department, E. 1 
du Pont de Nemours & Co. Bulletin 
Ba-29. 


Brinell Tester 


Accurate and exact measurements 
can be made on hard or soft mate- 
rials with the Diamo-Brinell hardness 
testing machine, which uses a pyra- 
mid-shaped diamond instead of a 
steel ball. Described in a pamphlet 
by Pittsburgh Instrument and Ma- 
chine Co. Bulletin Aa-l. 


EPI Microscope 


The Zeiss EPI microscope for the 
illumination and observation of 
opaque material has unlimited appli- 
cations for observing opaque mate- 
rial in dark field, bright field, and 
polarized light. A descriptive leaflet 
is published by Carl Zeiss, Inc. Bul- 
letin Aa-28. 


Ni-Cr Castings 


Compositions, properties, and uses 
of the high nickel-chromium castings 
made by The Electro Alloys Co. for 
heat, corrosion and abrasion re- 
sistance are concisely stated in a 
handy illustrated booklet. Bulletin 
Fx-32. 


Compressor Data 


General information on the ap- 
plication of blowers to gas and oil 
burners, and miscellaneous appli- 
cations for other types of work are 
included in a 12-page “Turbo Com- 
pressor Data Book.” Useful tables 
and charts are included. Spencer 
Turbine Co. Bulletin Dy-70. 


Ovens 


Meaehler recirculating ovens Speed 
baking and reduce fue! cosis. Why 


c 


is told in a well-prinied and jj te 
trated booklet by The Paul 
Co. Bulletin Ba-159. 
Beonon 
Port Valves 4 


Diagrams and descriptive mate: 
show the operation of adjusichi, 
port valves made by North Ame: 
can Mfg. Co. that are particulary 
suitable for mediums whose rot ; 


Con 
Cont 
Bernace 


@ithou 


flow is not constant. Bulletin 
@perct 
ype 
Moly Matrix ( 
Climax Molybdenum Co.'s jin, 
monthly newspaper contains may ict 
interesting and informative article A on 
Get the latest issue — Bulletin Ax4 Borthn 
Bos! 
Pot Furnaces 
corde 
The new features of America = = 
Gas Furnace Co.'s improved » Be op 
hardening furnaces include insulc 
ing refractory lining backed by bloc Btn C 
insulation, heat resisting alloy bun 
ers, single valve control, numerow Resi: 
small burners with their cattenda 
advantages, burner location oi A co 
method of venting. Fully described 
in Bulletin Sy-11. Bade | 
Bsued. 
inc ud 
Profile Projectors ey 
A piece of equipment designed Bits uni 
to meet the ever-increasing demani BP pave b 
for optical measuring instruments « 
the highest precision is the Leit Cent 
profile (contour) projector. Its man Centr 
new construction features are 
lustrated and described in 
page pamphlet. Bulletin Aya-4’ 
Bore u 
Metal Working 
uletin 


Concise but informative is ltue Co By 
booklet by E. F. Houghton é 
describing various metal-workins Clea 
products — rust preventives, cuttios 


oils, metal cleaners, quenching 5 A co 
carburizers, pickling inhibitors, Bleaninc 
miscellaneous products. Bulletin 
38. ents 

Ww cos 

Cast Vanadium Stee! 

Jerome Strauss and George - je 
Norris have written a techsice 

booklet for Vanadium Corp 
America describing the proper Of in 
developed by steel castings con's med 
ing various percentages of vor ler ke 
dium. The information given is © et of 
plete and authoritative. Bulletis sted 
27. mermit 

Monel for Strength 

A publication by Intercton® 

Nickel Co. presents briefly, he 
an interesting and striking monet of i 
the story of this nickel. copper S rece 
whose combination of mechan ts-Co 
properties with resistance 
cal corrosion has answered 
problems of industry. ulletin ad 3. 
=> 


45. 


hes 


Some of the Best Chinking 


in the metal industries is at 
in the literature described here. 

lem. Help yourself to this helpful litera- 
ture. It's free. You incur no obligation 
when you return the coupon. 


Burner Economy 

ting photographs and text 
y Surface Combustion 
w that a choice of 47 
Mijerent types and more than 400 
Biierent sizes is sure to give 
Eeonomy in operation. Bulletin Ca- 


Conveyor Furnaces 


Continuous chain belt conveyor 
handle miscellaneous parts 
@ithout pans oF trays —they are 
Biicient, uniform, and flexible in 
gperction. Improved furnaces of this 
Hype are described by Electric Fur- 
Bulletin Ayx-30. 


used 
morp. to snc 


mace Co. 


icromax Model 


A novel publication by Leeds & 
Borthrup Co. has the effect of al- 
os! putting a half-size model of 
Silver Anniversary Micromax 
Recorder in your hands. Cut to the 
@ctucl shape of the recorder, it can 
he opened out and the whole 
Mechanism swung into piace. Bul- 
iin Ca-46. 


Resistance Wire 


A complete catalog of the various 
ypes of electric resistance wires 
Made by Hoskins Mig. Co. has been 
Bsued. Complete numerical data are 
Included on all types, along with 
gome fundamental facts about heat- 
Hc units. A handy, small size 48- 
poge booklet. Bulletin Jyb-24. 


Centrifugal Castings 


centrifugal casting of stainless, 
bect and corrosion resisting alloys 
®liminates impurities and cooling 
Srcins and permits thinner and 
Bore uniform walls than any other 
Method. This is explained in a 
bulletin by Michigan Steel Casting 
Bulletin Nx-84. 


Cleaning Rooms 


A catalog of designs for blast 
flecning rooms incorporating many 
bor and time saving improve- 
ents making the blast room an 
Brequalled mechanical device for 
bw cost cleaning is published by 
Corporation. Bulletin Ca- 


ermit Welding 


Of interest to all who are con- 


med with welding, but of par- 
war interest to students is a pam- 
*! of carefully explained and il- 
pes laboratory experiments in 
mermit welding published by Metal 
hermit Corp. Bulletin Ca-64. 


mmert Gas 


tcpid development 
iner 


in the 
gases in industry dur- 


S tecen' years makes a folder of 
bots-Connersville Blower Corp. par- 
larly ely. It describes the 
mrison ert gas producer —a 
yon Sut well-proven piece 
equir Bulletin Ca-131. 


Bessemer Steel 


Jones & Laughlin Steel Corp. has 
for distribution reprints of the paper 
by C. C. Henning on “Manufacture 
and Properties of Bessemer Steel” 
that received the Robert W. Hunt 
Award of the A.LM.E. during 1935. 
Bulletin Ca-50. 


Nichrome Containers 


The important part that containers 
play in economical and dependable 
carburizing is well known to metal- 
lurgists and heat treaters. A Driver- 
Harris Co. bulletin on Nichrome car- 
burizing containers should therefore 
not be neglected. Bulletin Ca-19. 


Cold Finished Bars 


The importance of quality in cold 
finished steel bars is stressed in 
a small booklet by Union Drawn 
Steel Co., which describes the va- 
rious types of carbon and alloy 
steels available in this form. Bul- 
letin Ca-83. 


Photo-Electric Cells 


If you are not familiar with the 
wide field of applications for photo- 
electric cells and apparatus, send 
for this very interesting and com- 
plete booklet by Pfaltz & Bauer. 
Inc. covering the original appa- 
ratus developed by Dr. Bruno Lange. 
Bulletin Ca-142. 


Die Blocks 


A handy. small size spiral-bound 
leather notebook is a complete hand- 
book on Heppenstall Company's die 
blocks. Valuable additional data 
are contained, as well as a few 
blank pages for memoranda. Bulle- 
tin Ca-122. 


Pickling Inhibitors 

A pamphlet describing the nature 
and use of Grasselli Inhibitors is 
offered to those interested in pick- 
ling steel. It not only describes 
the merits of these inhibitors, but 
also gives a table of inhibitor 
strengths for use in pickling vari- 
ous steels. Bulletin Ap-95. 


Gas-Fired Cyclone 


Lindberg Steel Treating Co. has 
announced a gas-fired Cyclone fur- 
nace as a companion to the electric 
Cyclone. Complete data in the form 
of diagrams, charts, photographs, 
and blueprints are found in a new 
catalog. Bulletin Jya-66. 


Radio Principle 


How a tried and accepted prin- 
ciple of radio engineering is success- 
fully applied to industrial control 
instrumentation is described in a 
folder on a new low-price automatic 
controller by Wheelco Instruments 
Co. Bulletin Ca-110. 


Silver Solder 


Characteristics and uses of 12 
standard compositions of silver sold- 
ers meeting almost all requirements 
for this useful material are described 
in a folder by Handy & Harman, Inc. 
Bulletin Aa-126. 


Inductive Heating 

A reprint from General Electric 
Review, technical house organ of 
General Electric Co., is a detailed 
exposition of inductive heating by 
N. R. Stansel, industrial engineer 
for G. E. Bulletin Ca-60. 


Castable Refractory 


Properties, method of use, and 
applications of “Cast-Refract,” a 
time and labor-saving castable re- 
fractory made by the Quigley Co.., 
are given in Bulletin Oy-139. 


Spoilage Fear 

Fear of spoilage, says C. lL. Hayes, 
Inc., may cost a firm more than 
actual tool loss through spoilage in 
the furnace. How “certain curtain” 


furnaces eliminate spoilage and 
spoilage fear is told in Bulletin Aca- 
15. 


Grinding Lubrication 

A handy outline for the selection 
of grinding wheels is one of the 
useful features of a booklet full of 
facts about grinding solutions. D. 
A. Stuart & Co. Bulletin Mya-118. 


Salt Bath 


“Heating from the inside out” is 
what makes the Ajax-Hultgren salt 
bath furnace practical. Ajax Elec- 
tric Co. explains this new operating 
principle in an interesting folder. 
Bulletin Oy-43. 


Rockwell Tester 

A revised and completely up-to- 
date catalog on the well-known 
Rockwell hardness tester is well 
illustrated and contains 24 pages. 
Published by Wilson Mechanical 
Instrument Co., Inc. Bulletin Ca-22. 


Ovens for Finishing 

Despatch Oven Co. has two new 
bulletins featuring ovens for various 
finishing processes on such things 
as steel barrels, bed springs, cabi- 
nets, stoves and steel doors. Bul- 
letin Oy-123. 


Metal Progress, 


Company 


eee 


Abrasion Resisting 
Striking indeed is the yellow cov- 
ered publication by Carnegie-lIllinois 
Steel Corp. giving the history of 
AR steel, a low-priced abrasion 
resisting steel, and showing actual 
results in service as compared to 
ordinary mild steel. Bulletin Mya-85. 


Diamond Wheels 


A striking presentation is made 
by the Carborundum Co. in a 52. 
page booklet on diamond wheels. 
Detailed technical information is 
contained and a price list attached. 
Bulletin Ca-57. 


Dust Collector 

How the Schneible multi-wash 
dust and fume collector operates 
and what it does are clearly shown 
in a catalog giving details on ex- 


isting installations. Published by 
Claude B. Schneible Co. Bulletin 
Ca-161. 

4to6% Cr 


Fifth of the series of beautifully 
printed booklets describing Repub. 
lic Steel Corp.'s Enduro types is 
concerned with the 4 to 6% chro. 
mium steel. Its particular appli 
cation to oil refining is described 
in detail. Bulletin Ca-8. 


Pot Furnaces 

Hevi Duty Electric Co.'s line of 
pot type furnaces for immersion 
heat treating: lead and salt bath 
treatment; melting and heating bab- 
bitt, lead, and solder: and for tin- 
ning and galvanizing is described 
in Bulletin Ayx-44. 


Alcoa Notes 

“Alcoa Random Notes” is the in 
triguing title of a little monthly 
paper got out by Aluminum Co. of 
America. A request for this bul 
letin will bring you a copy of the 
latest issue. Bulletin Ca-54. 


Optimatic System 

The Brown Optimatic System is 
a self-balancing automatic optical 
pyrometer which records tempera. 
ture readings with the speed of 
light — the human eye is eliminated. 
It is described by Brown Instrument 
Co. in Bulletin Ny-3. 


7016 Euclid Avenue, Cleveland, O. 
Send me the literature circled below. 


Numbers are listed in the same order as the litera- 

ture described—circle the numbers that interest you 

It is important to write in your company or business 
connection when you return this coupon. 
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No. 6 of a series of 
Typical Installations 


of 


Srewarl Industrial Furnaces 


Conveying furnace for heat treating screws, nuts and bolts 


= 


VHIS STEWART continuous conveyor-type furnace is fitted with a heat-resisting Alloy-belt and has an internal dis- 
charge for quenching. It was recently installed and is now turning out 1000 Ibs. of material every hour in one of the 
country’s most modern and best equipped hardware manufacturing plants. 

This STEWART unit is fitted with STEWART GASIFIERS which enables the manufacturer to operate the furnace with 

the convenience of gas and the economy of oil. The installation is typical of the industrial furnaces Stewart engineers 

are building every day to meet the specified requirements of manufacturers all over the United States. Stewart builds, 
in addition, a full line of standard furnaces. Write for our well known Stewart Heat Treating Wall Chart complete with 

».A.E. Steel specifications. 


Stewart Industrial Furnaces are made and guaranteed by 


CHICAGO FLEXIBLE SHAFT COMPANY, 1104 S. Central Avenue, Chicago 


{7 Years Making Quality Products 
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Authorities lyree... 


“Metal products 
must be clean 
free of oil and 
grease before 
heat treating, and 
the most suitable 
cleaning process is 
Solvent Degreas- 
ing.” 


The Detrex Solvent 
Degreasing process 
makes use of stabil- 
ized safety solvents, 
either Perm-A-Clor or 
Triad. It completely 
removes oil and 
grease. The work comes out clean, warm, dry, and 
ready for subsequent heat treating or finishing 
operations. 

Make a plant trial of the Detrex process without 
equipment investment. Prove to yourself its advan- 
tages of speed, economy, and efficiency. 


Write for complete information. Also, copy of 
new booklet entitled “Scientific Metal Cleaning.” 


DETROIT REX PRODUCTS CO. 
13019 Hillview Avenue, Detroit, Michigan 

New York Office: 130 W. 42nd St. Chicago Office: 201 N. Wells St 

Degreasers Solvents Alkali Cleaners 


Two-dip Detrex Degreaser arranged 
for steam heating of solvent. 


iz 


. . . is an extremely efficient, 
high resistance, super-sensitive 
Indicating Pyrometer, which by the 
hamous “Radio-Principle,” has the 
added Temperature Limiting or 
Cut-out feature, found in no other 
instrument of its kind. When 
the pre-set temperature has been 
reached, LIMITROL not only 
shuts off the furnace, but also gives 
an alarm. LIMITROL may be 
used in conjunction with any con- 
trol. In a class of its own in both 
performance and price. 
Engineering data furnished upon request. 


WHEELCO INSTRUMENTS CO. 


1112 MILWAUKEE AVENUE «+ CHICAGO 
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METAL SPRAYING 


(Starts on page 306) 


Owing to its low costs, the powder process 


will undoubtedly prove successful in spraying large 
surfaces with zinc, when the coat js 
subsequently painted. This powder-pistol also offers 
possibilities of spraying brittle metals which ca 
not be drawn into wire. Deposits of the higher 
melting 
not wholly satisfactory. 

The molten metal instrument can produce thick 
coatings of the low melting point metals at a reason- 
able price, and should prove useful to the galvanizer 
doing contract work, especially as ingot metal is 
used and neither acetylene nor oxygen is required. 

The wire pistol, on the other hand, will without 
doubt hold the field in building up thick deposits 
on worn articles and also for producing heat resist- 
ing surfaces. Even in the production of high cost 
zine coating, the wire pistol offers advantages in the 
internal spraying of work. 

The hypothesis favored by the present author 
concerning the mechanism of the metalizing process 
is that the particles are melted completely or par- 
tially in the flame, and cool fairly slowly while 
traveling in the air stream, since there is little dif- 
ferential movement of the two materials. When the 
pistol is held close to the article (1 to 3 in.), the 
particles are still molten when they strike the sur- 
face. Splashes like fallen drops of solder are formed 
and interlock together. At high magnifications the 
microstructures of these splashes exhibit columnar 
crystallization, with discontinuous oxide films and 

cavities at the edges of the lamination; these crys- 

tals must have formed after the particles had struck 
the surface. After deposition, the particles are 
rapidly cooled by the air stream impinging against 
the surface, and since the base only conducts away 
a small proportion of the heat, a flammable materia! 
may not be ignited. At greater distances from the 
nozzle the particles will be cooled below their freez- 
ing point, splashes will not form, but with sufficient 
kinetic energy the particles will be deformed in‘o a 
laminated packing enclosing fine pores. At still 
greater distances the particles form a “heaped” 
sand-like mass with high porosity. 

One important difference between the deposits 
produced by wire and by powder is that the latter 
does not give as much “splash effect” with metals 
of high melting point (such as copper). In all cases 
the grain size, as shown by X-rays, is very small 

A number of corrosion tests were made on 
samples of ingot iron of known history metallized 
in various ways and then exposed to the tests of the 
Iron and Steel Institute's (Continued on page 
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RIVERSIDE 
PHOSPHOR BRONZE 


Phosphor Bronze is used tor this application because of this metal's well-known 
resistance to corrosion. The Mechanical Improvements Corporation of Moores- 
town, N. J., who developed and produce this camera, specify RIVERSIDE 
Phosphor Bronze for springs, guides for interchanging lenses and focus- 
adjustment parts in this equipment for this reason: This Company is noted 
for its ability to provide consumers with wrought Phosphor Bronze 
having the precise characteristics which they require. 


THE RIVERSIDE METAL COMPANY 


TRE 
HOKE RIVERSIDE Burlington County NEW JERSEY 


NEW YORK e HARTFORD e CLEVELAND e CHICAGO 
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Ensures trouble free performance 
| of undersea Motion Picture Camera 
= 
COPPER | ROD | 
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HEROULT E/ectrzc FURNACES 


SE them for efficient melting and refining of all 

kinds of ferrous materials by either basic or acid 
process—including Alloy Steels, Tool Steels, Forging 
Steels, Steel and Iron Castings. Any capacity from 
4 ton to 100 tons; removable roof, chute, machine 
or hand charging. 


AMERICAN BRIDGE COMPANY 
General Offices: Pittsburgh, Pa. 


Offices in the Larger Cities 
- Pactfic Coast Distributors: Columbia Steel Company, 
ta San Francisco. 
Export Distributors: United States Steel Products Co., 
New York City 


UNITED STATES STEEL 


BLAST 


* NOZZLES 

HOSE 

HELMETS 
ABRASIVES 

AIR AND AIRLESS 
BLAST CLEANING 
EQUIPMENT 

* ROOMS 

* TABLES 

* CABINETS 

* SPECIAL MACHINES 
* DUST COLLECTORS 


The PANGBORN nameplate on any of these units is 
an international guarantee of integrity. It is a name that 
means satisfaction and the biggest dollar value for your 
investments, and has been so honored by more than 33 
years of quality product manufacturing.For “the most for 
your money’ -Buy Pangborn Products.Write for catalog. 


PANGBORN 


WORLO'S LARGEST MANUFACTURER OF BLAST CLEANING AND DUST COLLECTING EQUIPMENT 
PANGBORN CORPORATION ... HAGERSTOWN, MARYLAND 


Metal Progress; 


METAL SPRAYING 


(Starts on page 306) Corrosion Committee. As 
yet the field tests have not progressed long enough 
to yield reliable results. The general trend of the 
other tests is that the sample sprayed at normal 
distances from the nozzle offer a greater resistance 
to corrosion than those sprayed either near or far 
from the nozzle. 

All the zine coatings made under good commer- 
cial practice have approximately the same rate of 
corrosion, and this life is limited mainly by the 
thickness of the deposit. That the life will be satis- 
factory is also shown by salt spray tests; samples 
metallized by each of the processes withstood 1000 
hr. without signs of rusting. 

The aluminum-coated specimens, however, 
showed widely different characteristics. In the 
accelerated tests the sample sprayed by the powder 
process exhibited rust spots within 26 days, the 
surface became gray and hygroscopic, while in the 
field tests rust appeared within seven months. The 
sample sprayed with aluminum-silicon alloy by the 
molten metal process was soon covered with a 
white deposit, and at the end of 70 days’ exposure 
to the salt spray the coating was blistered and could 
be removed readily as powder. On the other hand, 
the wire process yielded a specimen which remained 
unaffected and bright up to 170 days, after which 
period a few rust spots appeared. 

In order to test the resistance to oxidation, 
aluminum wire, aluminum powder and molten alu- 
minum-silicon alloy were sprayed on mild steel. 
These were then heated to permit the aluminum to 
diffuse into the steel surface, first having painted 
the sample with a coating designed to protect the 
aluminum while this diffusion layer is forming 
These different treatments, patented in the respec- 
tive countries are: 

English: Coat specimen with bitumastic paint, 
heat rapidly to 1450° F. for 10 min. 

German: Coat specimens with water glass, heat 
rapidly to 1475° F. for 15 min. 

French: Coat with saturated solution of borax 
and anneal at 1100° F. for 30 min. 

After treatment, the samples were heated tor 
5-hr. periods at 1700° F. in a muffle, after which 
they were quenched in water; this has a very drastic 
effect on any surface scale. For comparison, sai- 
ples of mild steel, 6% silicon cast iron, and 1% 
chromium-nickel steel were included, together with 
steel specimens spray coated with 18-8 wire and 
with nichrome wire. The two latter specimens 
were previously annealed at 2000° F. for 2 hr. with- 
out protection in order to form a diffused laye! 

(Continued on page 318) 
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Damascus to Detroit 


rging an Open Hearth 
ace at Republic Steel. 


of @ series outlining 
Producing and usin 
sties served by Meta 


HE smiths of ancient Damascus produced a steel so good, wrought a sword so 

wonderfully, that their fame lives today in song and story. But all their art could 
not create the steels demanded today by the Automobile. . . This world-famous 
symbol of Detroit, and the increasing thousands of products made of steel, tax the 
science and practical knowledge of the modern steel maker. . . He must learn and 
keep abreast the science of metallurgy to produce steel of the proper type and 
quality. He must have up-to-the-minute information on materials, processes and 
equipment, to make this production economical. 


HE steel maker finds much of this metallurgical and practical information in the 

editorial and advertising pages of Metal Progress. That is why it has important 
readers in the steel plants in this country and abroad. . . Today 10,000 metal men 
read Metal Progress, and this paid circulation includes the entire membership of 
a great national Society — the American Society for Metals. This is the same or- 
ganization that sponsors and stages the famed National Metal Show. 


NEARLY two hundred national advertisers already recognize the importance of 
reaching the markets covered by this monthly — they have learned that they 
sell when they “Tell It to the Metal Men." Let Metal Progress carry your adver- 
tising and sales message to the steel industry and to the other metal industries. 
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PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 


For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in our 
bulletins S-22 and S-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 


A selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 


CRUCIBLE STEEL COMPANY 
ALIQUIPPA, PA. 


METAL SPRAYING 


(Starts on page 306) 

The bitumastic paint protection appears to be 
very successful, and the wire process yields the bes; 
results. Even after 250 hr. under test the specimen 
coated with nickel-chromium-iron showed a negli- 
gible change in weight. Time for comparable weight 
loss in the other samples is as follows: 

300 
Aluminum wire spray, English or German treatment 15) 
Cadmium-aluminum wire spray, no pre-treatment 13 
Aluminum powder, English or German treatment 8: 
Molten aluminum-silicon alloy, English treatment = 8 

The density of sprayed metal is always less 
than that of cast material, and this is due partly t 
porosity and partly to oxide particles. The porosity 
consists of isolated cavities and_ interconnected 
pores; both types of porosity were measured fo: 
coatings made in a large number of ways by 
stripping a built-up layer, boiling in toluene, and 
weighing when suspended in toluene. The toluen 
penetrates the pores with great rapidity, and th 
specific gravity subsequently calculated is that o! 
the metal, oxide, and isolated pores. After th: 
toluene was driven off the specimens were next 
coated with a very thin film of vaseline and weigh 
suspended in distilled water. The film of grease 
prevented the water from penetrating the pores 
the difference between the two calculated specili 
gravities indicates the extent of isolated pores 
together with oxides. 

Results show that the powder process produces 
deposits with the greatest porosity, and this Is 
undoubtedly due to the fact that the particles ar 
cooler when they strike. A wire pistol, using city 
gas, produced zine deposits with low interconnected 
porosity, but the low density (in toluene) clear!) 
indicates that there is an appreciable number ©! 
isolated pores. This is confirmed by the mic 
structure; in many cases the oxides tend to fill 
the pores. 

Micrographs are included showing oxide ilu 
sions in all coatings, and analytical values ar 
quoted for oxide in copper deposits (which is the 
only one easily estimated). The lowest figure 's 
0.71°. oxygen, representing 64% copper oxide, ane 
in commercial work the figure is frequently hal! 
again as large. To obtain deposits low in oxic 
use a slightly reducing flame and reduce the nozz'« 
distance. Unfortunately, a pistol using a recucts 
flame is not working at its maximum efficiency 
The practice of preheating the article advocate’ 
ible 


some ten vears ago is now seen to be undes 


Metal Progress: Page 318 


I 
‘te 

EVERY 
| a gooDv quRN 

The Machinist works up fine. 
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| work tool steel. 


2700 th. furnace muffle cast 
= of THERMALIOY and 
“\-Ray lnspected™ 100%. 


RETORTS 
MUFFLES 
TRAYS 
TUBES 
BOXES 

LEAD POTS eset be satisfied with mere surface in- 

SALTLPOTS 
CYANIDE 
POTS castings you buy will give the service you 


spection. Know im advance that the alloy 


have a right to expect from your expenditures. 


Specify THERMALLOY Castings and get 
the additional protection of X-Ray Inspection. 


THE” 
THE ELECTRO ALLOYS COMPANY 
ELYRIA, OHIO 


Quality Castings Since 1919" 
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Brazing thin 
cupper tub- 
ing tu bronze 
headerswith 
SIL-FOS in 
the con- 
struction of 
feCord 
Radiator & 
fle. 

Heat- 


life-time strengt 


to heating elements 
in unit heaters... 


The heating element is the very heart of a unit 
heater. The joints between the tubing and headers 
or return bends used in constructing them must 
be permanently tight. To assure this, and the 
trouble-free operation which results, McCord and 
other well known makers use SIL-FOS . . . because 


@ SIL-FOS gives high joint strength as high 


or higher than the metal joined. 


@ Ductile SIL-FOS joiats stand up reliably un- 
der wide temperature changes and constant 
vibration. 


@ SIL-FOS, free-flowing at the low temper- 


ature — 1300° F.— makes sound joints with- 
out damaging the physical qualities of 
metals. 


@ SIL-FOS assures economy a small quan- 
tity does a perfect job... the low brazing 
temperature saves time, gases and speeds up 
production. 


TRY SIL-FOS 
on your non-ferrous work 


Use it with our low temperature Handy Flux. To- 
gether they work equally well oa thin or heavy 
gauges, on production or special work. Write us 
for full details and Bulletin 53-P. 


HANDY AND HARMAN 


g2 Fulton St..New York 


CREEP OF METAL 


(Continued from page 280) 
can be considered reliable only for the time range 
actually covered by the test. 

2. As the stress is increased by arithmetical] 
increments, the creep for any given time and tem- 
perature is increased by geometrical increments. 
For example, at 850° F. an increase in stress of 
2500 psi. will, for any given time, approximately 
double the creep in 0.35° carbon cast steel. Cast 
carbon-molybdenum steel and forged 13% chro- 
mium steel require an increase of approximately 
5400 psi. to double the creep. 

3. As the temperature is increased by arith- 
metical increments, the creep for any given time 
and stress is increased by geometrical increments. 
For example, in the high temperature regions, an 
increase of 12° F. for any given time and stress 
will approximately double the creep in 0.35% 
carbon cast steel. (This influence of temperature 
is known with much less exactness than that of 
stress). The corresponding figures for cast car- 
bon-molybdenum steel and low carbon, chromium 
steel are 22° F. and 48° F. respectively. 

From the above it can be seen that the influence 
of temperature, especially in the region of 900 to 
1000° F. is of utmost significance and any further 
advances in inlet steam temperatures must be con- 
sidered seriously. For this reason, the cylinders 
for the high temperature turbines now under con- 
struction are made of carbon-molybdenum steel. 

In addition to the studies of creep character- 
istics and their influence on turbine design, a great 
amount of development work in other lines has 
culminated in improved mechanical details which 
are certain to give better operation and greater 
reliability. Steam pipe strains are reduced to 4 
minimum by casting the steam chest integrally 
with the cylinder cover. In rotor design, joints 
are avoided wherever possible. All of the high 
temperature machines have solid rotors. In con- 
densing units, disks are shrunk on the rotor body 
to carry a part of the low pressure blading. 

The latest practice in the mechanical con- 
struction of blading includes the use of shrouded 
blades throughout the machine. With this con- 
struction, the use of silver soldered lashing wires 
practically disappears. In the last two or three 
rows where lashing is still necessary, stream- 
lined lashing welded to the blades is the standard 
practice. 

The use of stellite shields welded to the inlet 
edges of the blades continues to be the mos! 
satisfactory method of reducing erosion of the 
low pressure blades. This construction is used 
wherever such protection is required. 
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Use of YOLOY, in bodies“alone, reduced 
the dead weight of the#ive trucks shown 
above by 3260 Ib,,theteby increasing the 


Day- -load by 652 Ib. per truck. A 2ame time the lite of 
the~bec was increased-ditie tg their greater strength and 


increased resistance te-torrosion. 


YOLOY'’S excellent hot and cold forming properties plus its 
outstanding weldability makes it the ideal metal for truck 


chassis and body construction. 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Manufacturers of Carbon and Alloy Steels 


General Offices - . YOUNGSTOWN, OHIO 
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—" in sheets, strip, plates, bars, shapes, manufacturers’ and welding 
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FLEETWELD 8 


Announcing the arrival of 
“FLEETWELD 8° 


For mild steel 
—fillet welds 
—-flat position 


To the family of Fleetweld” eee the busiest elec- 
trode family in the welding world ... comes another 


“blessed event.” 


“FLEETWELD 8” is a heavily coated electrode of the 
shielded are type, designed specifically for making fillet 
welds in mild steel, flat position ...The resultant weld 
is free of undercutting on the vertical plate—so much 
superior in this respect to that normally produced by 
other electrodes. Also, it is much easier to geta 
smooth, f>-degree weld with equal strength on both 
sides of the joint. 


In the as-welded state, welds have allowable tensile 
strengths of 68.000 to 72.000 Ibs. per sq. in. and ductility 
of 20°. te 28. elongation in 2 inches. Stress relieved, 
te nsile strengths range between 64.000 and 68 000 Ibe. per 


sq. in. and due tility, 30°. to 36. elongation in 2 inches. 

“FLEETWELD 8” is available in dd and 1,” sizes. It is 

suitable for use with either D.C. or A.C. welding current. 

THE LINCOLN ELECTRIC COMPANY, Dept. MM-357, 

Cleveland, Ohio. Largest Manufacturers of Are Welding 
Equipment in the World. 

@ Write for complete, detailed procedure for ~Fleetweld 8.” 


Free electrode samples are available. 


FOR. QUALITY WELDING 
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MAGNETIC ALLOYS 


(Continued from p. 284) All the alloys discussed 
in this paper received this heat treatment befor, 
any of the more special processes were applied 

(2) Quenching consists of heating the alloys 
for a short time at 600° C. (1110° F.), and coo! 
ing in air at room temperature for small sam. 
ples with large surfaces, and in oil for large) 
samples. The rate of cooling is approximately 
10) C. per see. 

(3) Baking consists of heating the alloys for 
2thr. at 125°C. (800° F.) and then slowly cool- 
ing to room temperature. 

The data sheet (page 285) contains a tabl 
of typical compositions of several of the usefu! 
allovs, and their important magnetic constants 
Three diagrams also show their magnetization 
curves for low, medium and high magnetizing 
forces. It may be seen from these curves that 
the permalloy group reaches almost saturation 
values long before the iron and silicon steel 
and the other alloys have reached the lowe: 
bend in the magnetization curve. With the ex 
ception of the 15 permalloy, which saturates at 
a fairly high value, the permalloyvs have low 
saturation induction and permendur the high 
est. The permeability curves computed from 
these curves are also plotted in two additional 
figures, and a series of “butterfly curves” at the 
right of the data sheet show the permeability 
curves for alternating current of small constant! 
amplitude as a function of superposed direc! 
current magnetizing force. In most commun! 
cation apparatus this curve must be relatively 
flat over the expected range of direct current 
excitation, 

Permalloy — Results of a survey of the iron 
nickel binary system are also shown. 

“permalloy region” includes alloys between 0! 
and Y', nickel. It should be noted that th: 
large changes in the coercive force and the rt 
sistivity are at the lower end of the permatloy 
region, while the highest permeabilities are «i 
veloped in the alloys containing between 79 and 
nickel. 

When other metals are added to permallos 
their properties are changed. We found 
a minor amount of chromium or molybdenum 
to a 78.5', permalloy produced a very desirabl 
combination of high resistivity and high initial 
permeability. One of the diagrams on pag 
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some of the properties of these alloys, 
is quenched or as annealed. Several of 
illoys have been developed for commer- 
se. Of these the most important are 2-80 
rmalloy, 3.8-78.5 Cr-permalloy, and 3.8-78.5 
Vo-permalloy. 
rminvar— The distinctive magnetic 
perties of the perminvars are constancy of 
permeability at low flux densities, a low hys- 
roresis loss in the same range, and, for medium 
‘ua densities, a characteristic constriction in the 
viddle of the hysteresis loop. In some alloys 
his constriction is so extreme that the coercive 
force vanishes, making the two branches of the 
loop coincide when the magnetizing force is re- 
duced to zero, in spite of the considerable hys- 
ieresis loss involved in the entire evele. At high 
‘lux densities this constriction disappears and 
the loops have normal shapes. 

Permendur — typically 50° iron and 50°, 
obalt—— has high permeability, “enduring” to 
tigher flux densities than other magnetic mate- 
rials. It also has a relatively flat) “butterfly 
Difliculties in rolling and fabrication 
ire overcome by 1.7°. vanadium, which affects 
he magnetic properties only slightly. 

Commercial Applications —— One of the first 
ises of the permallovs (1921) was for continu- 
us loading of a telegraph cable between New 
York and the Azores. For this project 78.5 
ermatloy was used in the form of 0.006-in, tape 
vrapped helically on a stranded copper con- 
ductor, The average initial permeability of this 
illoy in the laid cable was 2300, considerably 
ess than can be obtained under the best condi- 
ions of heat treatment and absence of strains. 
llowever, even with this loading, the speed of 
ransmitting messages was increased fivefold. 
ity the time a second cable project was under- 
iken, the chromium permalloys had been de- 
eloped, and 2-80 Cr-permalloy was selected, 
ind the increase in permeability and in resis- 
ivily improved materially the message carrving 
pacity, 

the largest use of permalloys in the tele- 
phone plant has been in cores of loading coils, 
‘here the alloy is used in the form of com- 
ssed insulated dust. For a high grade load- 

oil core made from iron dust the effective 

permeability at low flux densities had to 
imited to 33. The first permalloy used for 
ng coil cores was 80 permalloy, and the 
‘ated and compressed core was designed 
in effective permeability of 75. It is ex- 
d that the new (Continued on page 328) 


SARTORIUS 
Analytical Balance 
D3 “Proja” 
with air-damping, 
projection reading 
and fractional gram 
weight manipula- 
tion from the out- 

side. 


0.1 mg. on large projection scale. No eye strain 
from prolonged observation. Weights from 
10-990 mg. are placed upon right side of beam by 
rotating two dials from outside the case. Direct 
readings, no errors. 


Fos rapid series weighings. Exact readings to 


Price, in oak housing, with ring riders, 
resistance or transformer $265 


Set of Weights (1-100 g) $20 


Particulars on request. 


Pfaltz & Bauer. Inc. 


EMPIRE STATE BUILDING, NEW YORK 


DIAMO-BRINELL 
Hardness Testing Machine 


The Most Accurate 
Apparatus for Test- 
ing All Kinds of 
Metal. 


The Brinell method 
of testing is followed 
in this Diamo-Brinell 
Tester. The indenter 
is a pyramid -shaped 
diamond instead of a 
steel ball generally 
used. Result: impres- 
sions are square and 

well - defined—exact 
measurements can be 


taken. 


The desired load is ap- 

lied by a system of weights and levers. ‘Time of 
ser application is mechanically controlled - 
always the same. 

Try this tester for hard or soft metals. also for 
very thin material. You can depend on its accu- 
racy. Remember, too, we build testing machines 
to meet your special requirements. 


Pittsburgh Instrument & Machine Co. 


1026 Reedsdale Street Pittsburgh, Pa. 
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Control 
—right from 
the Start 
for — 
{ 
‘enmes control of all process- 
BASIC ing from selection of the 


ELECTRIC melting charge to the finished 
STEEL condition is the N. F. & O. guar- 
antee of quality in forgings fur- 

FORGINGS nished to your specifications — 
Smooth Forged, Hollow Bored, 
Rough or Finished Machined. 


NATIONAL FORGE & ORDNANCE CO. 
IRVINE, WARREN COUNTY, PENNA. U.S. A. 


NORTH AMERICAN 


ADJUSTABLE PORT VALVES 
PROPORTION AND CONTROL THE FLOW OF 
GASES AND LIQUIDS 


OPERATED BY 
ANY TYPE OF 


CONTROL 
MOTOR 


AUTOMATIC TEMPERA TURE 
CONTROL CO 


THE FOXBORO 
COMPANY 


THE NORTH AMERICAN MANUFACTURING COMPANY 


MANUFACTURERS OF COMBUSTION EQUIFMENT 


CLEVELAND, OHIO 
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(Starts on page 284) material containing molyb- 
denum will have a permeability substantially 
higher than the 80 permalloy and that it wil] 
have intrinsically superior eddy current and 
hysteresis loss characteristics. 

In d.c. apparatus where high permeability 
and low coercivity are of importance, and where 


high resistivity does not add to the usefulness 
of the core material, 78.5 permalloy is suitable. 


It is used in certain relay structures, usually of , 
marginal types, in which the difference between ‘ 
operating and releasing currents is small. e 


For audio transformers, for retardation 
coils, and for other apparatus in which high ! 
permeability and high specific resistance mus! s 
be combined, both 3.8-78.5 Cr-permalloy and 

3.8-80 Mo-permalloy have used. The 
former has slightly higher resistivity, but the lat- 
ter has higher initial permeability and is mor 


been 


ductile. 

The magnetic characteristics of the pe 
minvars make them especially suitable for us: 
in circuit elements in which the distortion and 
energy loss must be a minimized; but their rela- 
tively high cost, and the advisability of avoid 
ing high magnetization throughout the life o! 
the apparatus, have prevented their extensiy: 
use in telephone plant. One use for which 
perminvar is especially suitable is the loading 
of long submarine telephone cables. Here 
high resistivity is very desirable, which has 
been shown to be obtainable in the 7-45-25 Mo- 
perminvar, 

Permendur is used for cores and pole pieces 
in loud speakers, certain telephone receivers, 
light valves, and similar apparatus. 

It may be seen from this survey that there 
is a great variety of magnetic materials wi!) 
widely different properties from which an ei- 
gineer may choose in designing magnetic ¢! 
ments in which magnetic flux changes are © 
sential. Already these alloys have an importa! : 
place in telephone plant. However, iron ate 
silicon steel still are used extensively, and wi! 
continue to hold their own on a cost basis 10! 
some purposes. There is no doubt, howev«'! 
that alloys of iron, nickel, and cobalt wil! co" 
tinue to supplant iron and silicon steel in ma!) 
places where circuits are redesigned to take 1 
advantage of their magnetic properties. 
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